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VITAMIN C AND VITAMIN K, AND
COMPOSITIONS THEREOF FOR
TREATMENT OF OSTEOLYSIS OR
PROLONGATION OF PROSTHETIC
IMPLANT

CROSS REFERENCE TO RELATED
APPLICATIONS

This applicationis a 371 of PCT/US2010/042427, filed Jul.
19, 2010, which claims the benefit of the priority of U.S.
Provisional Application No. 61/227,041, filed Jul. 20, 2009,
the disclosure of each of which is incorporated herein by
reference in its entirety.

FIELD

Provided herein is a method of treating, preventing, or
managing osteolysis in a subject, comprising administering
to the subject a therapeutically eftective amount of vitamin C,
or a pharmaceutically acceptable salt, solvate, or hydrate
thereof, in combination with vitamin K, or a single enanti-
omer, amixture of enantiomers, or a mixture of diastereomers
thereof, or a pharmaceutically acceptable salt, solvate, or
hydrate thereof.

BACKGROUND

Prosthetic joint replacement is a common surgical proce-
dure with at least 1 million joint replacements being
implanted each year worldwide (Bullough, J. Joint Bone
Surg. (Br) 1994, 76, 687-688). However, approximately 10%
of prosthetic joint replacements fail within 10 years. Most
often these failures are attributed to a detrimental biological
response triggered by the generation of fine metal wear par-
ticles that dislodge from the artificial implant surfaces during
normal activities. Such biological response can cause an
inflammatory irritation of the adjacent tissue and of the bone
to which the implant is attached, causing debilitating pain to
return, and in some instances, the need for a costly second
restorative surgery (Bae, J. Bonre Joint Surg. B 1981, 63,
435-440; Kovacik et al., Clin. Orthop. Relat. Res. 2003, 379,
186-194; and Tuan, J. Am. Acd. Ortho. Surg. 2008, 16, S42).

Therefore, there exists a need for effective therapies for
prolonging the functional life of a prosthetic implant and
treating aseptic osteolysis associated with a prosthetic
implant.

SUMMARY OF THE DISCLOSURE

Provided herein is a method of treating, preventing, or
managing osteolysis in a subject, comprising administering
to the subject a therapeutically eftective amount of vitamin C,
or a pharmaceutically acceptable salt, solvate, or hydrate
thereof, in combination with vitamin K, or a single enanti-
omer, amixture of enantiomers, or a mixture of diastereomers
thereof, or a pharmaceutically acceptable salt, solvate, or
hydrate thereof. In one embodiment, the osteolysis is aseptic
osteolysis. In another embodiment, the osteolysis is caused
by inflammation. In yet another embodiment, the osteolysis is
caused by a prosthetic implant in the subject. In yet another
embodiment, the osteolysis is caused by particulate debris
from the prosthetic implant in the subject. In certain embodi-
ments, the subject is treated orally with a capsule that contains
about 500 mg of sodium L-ascorbate and about 5 mg of
sodium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthale-
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nesulfonate. In yet another embodiment, the inflammation is
related to or impacting the bone or cartilage or tissue related
to the bone.

Also provided herein is a method of treating, preventing, or
managing inflammation associated with a prosthetic implant
in a subject, comprising administering to the subject a thera-
peutically effective amount of vitamin C, or a pharmaceuti-
cally acceptable salt, solvate, or hydrate thereof, in combina-
tion with vitamin K, or a single enantiomer, a mixture of
enantiomers, or a mixture of diastereomers thereof, or a phar-
maceutically acceptable salt, solvate, or hydrate thereof. In
one embodiment, the inflammation is associated with particu-
late debris from the prosthetic implant in the subject. In
certain embodiments, the subject is treated orally with a cap-
sule that contains about 500 mg of sodium L-ascorbate and
about 5 mg of sodium 1,2,3,4-tetrahydro-2-methyl-1,4-di-
oxo-2-naphthalenesulfonate.

Additionally provided is a method of treating, preventing,
or managing inflammation caused by a prosthetic implant in
a subject, comprising administering to the subject a therapeu-
tically effective amount of vitamin C, or a pharmaceutically
acceptable salt, solvate, or hydrate thereof, in combination
with vitamin K, or a single enantiomer, a mixture of enanti-
omers, or a mixture of diastereomers thereof, or a pharma-
ceutically acceptable salt, solvate, or hydrate thereof. In one
embodiment, the inflammation is caused by particulate debris
from the prosthetic implant in the subject. In certain embodi-
ments, the subject is treated orally with a capsule that contains
about 500 mg of sodium L-ascorbate and about 5 mg of
sodium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthale-
nesulfonate.

Further provided herein is a method of increasing the func-
tional life of a prosthetic implant in a subject, comprising
administering to the subject a therapeutically effective
amount of vitamin C, or a pharmaceutically acceptable salt,
solvate, or hydrate thereof, in combination with vitamin K, or
a single enantiomer, a mixture of enantiomers, or a mixture of
diastereomers thereof, or a pharmaceutically acceptable salt,
solvate, or hydrate thereof. In certain embodiments, the sub-
jectis treated orally with a capsule that contains about 500 mg
of sodium L-ascorbate and about 5 mg of sodium 1,2,3,4-
tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate.

Provided herein is a method of treating, preventing, or
managing NFxB-mediated condition, disorder, or disease
caused by a prosthetic implant in a subject, comprising
administering to the subject a therapeutically effective
amount of vitamin C, or a pharmaceutically acceptable salt,
solvate, or hydrate thereof, in combination with vitamin K, or
a single enantiomer, a mixture of enantiomers, or a mixture of
diastereomers thereof, or a pharmaceutically acceptable salt,
solvate, or hydrate thereof. In certain embodiments, the
method of treating, preventing, or managing NFxB-mediated
condition, disorder, or disease is caused by particulate debris
from a prosthetic implant in the subject. In certain embodi-
ments, the subject is treated orally with a capsule that contains
about 500 mg of sodium L-ascorbate and about 5 mg of
sodium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthale-
nesulfonate.

Provided herein is a method of reducing NFkB production
in a cell exposed to prosthetic particulate debris, comprising
contacting the cell with an effective amount of vitamin C, or
a pharmaceutically acceptable salt, solvate, or hydrate
thereof, in combination with vitamin K, or a single enanti-
omer, a mixture of enantiomers, or a mixture of diastereomers
thereof, or a pharmaceutically acceptable salt, solvate, or
hydrate thereof.
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Provided herein is a method of enhancing proliferation of a
cell exposed to prosthetic particulate debris, comprising con-
tacting the cell with an effective amount of vitamin C, or a
pharmaceutically acceptable salt, solvate, or hydrate thereof,
in combination with vitamin K, or a single enantiomer, a
mixture of enantiomers, or a mixture of diastereomers
thereof, or a pharmaceutically acceptable salt, solvate, or
hydrate thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the effect of APATONE® on cellular viability
of human synovial fibroblasts exposed to metal particles.

FIG. 2 shows the effect of APATONE® on NFkB levels in
human synovial fibroblasts exposed to metal particles.

FIG. 3 shows the effect of APATONE® on cytokine/
chemokine levels in human synovial fibroblasts exposed to
metal particles.

DETAILED DESCRIPTION

To facilitate understanding of the disclosure set forth
herein, a number of terms are defined below.

Generally, the nomenclature used herein and the laboratory
procedures in organic chemistry, medicinal chemistry, bio-
chemistry, biology, pharmacology, and others described
herein are those well known and commonly employed in the
art. Unless defined otherwise, all technical and scientific
terms used herein generally have the same meaning as com-
monly understood by one of ordinary skill in the art to which
this disclosure belongs.

The term “naturally occurring” or “native” when used in
connection with biological materials such as nucleic acid
molecules, polypeptides, host cells, and the like, refers to
materials which are found in nature and are not manipulated
by man. Similarly, “non-naturally occurring” or “non-native”
refers to a material that is not found in nature or that has been
structurally modified or synthesized by man.

The term “osteolysis” refers to dissolution or degeneration
of'bone tissue. In certain embodiments, the term “osteolysis”
refers to dissolution or degeneration of bone tissue caused by
prosthetic implant, including an active resorption or dissolu-
tion of the bone tissue as a part of an ongoing disease process.

The terms “nuclear factor kappa B” and “NFxB” are used
interchangeably herein and refer to a member of the Rel
family of transcription factors that contain the Rel homology
(RH) domain, or variant thereof, as described, for example, in
Carpenter et al., Ann. Rev. Biochem. 1987, 56, 881-914.
Examples of NFkB include, but are not limited to, RelA
(p65), c-Rel, p50, p52, and the Drosophila dorsal and Dif
gene products. NFkB variants include proteins substantially
homologous to a native NFkB, i.e., proteins having one or
more naturally or non-naturally occurring amino acid dele-
tions, insertions or substitutions (e.g., NFkB derivatives,
homologs, and fragments), as compared to the amino acid
sequence of a native NFkB. The amino acid sequence of a
NFkB variant is at least about 80% identical, at least about
90% identical, or at least about 95% identical to a native
NFkB. In certain embodiments, the NF«B is p65 or a variant
thereof.

The terms “NFkB-mediated condition, disorder, or dis-
ease” and “a condition, disorder, or disease mediated by
NFkB” refer to a condition, disorder, or disease characterized
by inappropriate, e.g., less than or greater than normal, NFkB
activity. Inappropriate NFxB functional activity might arise
as the result of NFkB expression in cells which normally do
not express NFkB, increased NFkB expression or degree of
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intracellular activation, leading to, e.g., inflammatory and
immune-related disorders or diseases; or decreased NFkB
expression. An NFkB-mediated condition, disorder, or dis-
ease may be completely or partially mediated by inappropri-
ate NFkB activity. In certain embodiments, an NFxB-medi-
ated condition, disorder, or disease is one in which
modulation of the NFkB activity results in some effect on the
underlying condition or disorder, e.g., a NFKB antagonist or
agonist results in some improvement in at least some of
patients being treated.

The term “subject” refers to an animal, including, but not
limited to, a primate (e.g., human), cow, pig, sheep, goat,
horse, dog, cat, rabbit, rat, or mouse. The terms “subject” and
“patient” are used interchangeably herein in reference, for
example, to a mammalian subject, such as ahuman subject, in
one embodiment, a human.

The terms “treat,” “treating,” and “treatment” are meant to
include alleviating or abrogating a disorder, disease, or con-
dition, or one or more of the symptoms associated with the
disorder, disease, or condition; or alleviating or eradicating
the cause(s) of the disorder, disease, or condition itself.

The terms “prevent,” “preventing,” and “prevention” are
meant to include a method of delaying and/or precluding the
onset of a disorder, disease, or condition, and/or its attendant
symptoms; barring a subject from acquiring a disorder, dis-
ease, or condition; or reducing a subject’s risk of acquiring a
disorder, disease, or condition.

The terms “manage,” “managing,” and “management”
refer to preventing or slowing the progression, spread, or
worsening of a condition, disorder, or disease, or of one or
more symptoms (e.g., pain) thereof. Sometimes, the benefi-
cial effects that a subject derives from a prophylactic or thera-
peutic agent do not result in a cure of the condition, disorder,
or disease. In one embodiment, the term management refers
to preventing or slowing the progression, spread, or worsen-
ing of the pain of osteolysis.

The term “contacting” or “contact” is meant to refer to
bringing together of a therapeutic agent and cell or tissue such
that a physiological and/or chemical effect takes place as a
result of such contact. Contacting can take place in vitro, ex
vivo, or in vivo. In one embodiment, a therapeutic agent is
contacted with a cell in cell culture (in vitro) to determine the
effect of the therapeutic agent on the cell. In another embodi-
ment, the contacting of a therapeutic agent with a cell or tissue
includes the administration of a therapeutic agent to a subject
having the cell or tissue to be contacted.

The terms “therapeutically effective amount” and “effec-
tive amount” are meant to include the amount of a compound
or combination of compounds that, when administered, is
sufficient to prevent development of, or alleviate to some
extent, one or more of the symptoms of the disorder, disease,
or condition being treated. The term “therapeutically effec-
tive amount” or “effective amount” also refers to the amount
of a compound that is sufficient to elicit the biological or
medical response of a biological molecule (e.g., a protein,
enzyme, RNA, or DNA), cell, tissue, system, animal, or
human, which is being sought by a researcher, veterinarian,
medical doctor, or clinician.

The term “pharmaceutically acceptable carrier,” “pharma-
ceutically acceptable excipient,” “physiologically acceptable
carrier,” or “physiologically acceptable excipient” refers to a
pharmaceutically-acceptable material, composition, or
vehicle, such as a liquid or solid filler, diluent, solvent, or
encapsulating material. In one embodiment, each component
is “pharmaceutically acceptable” in the sense of being com-
patible with the other ingredients of a pharmaceutical formu-
lation, and suitable for use in contact with the tissue or organ

29 <
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of humans and animals without excessive toXicity, irritation,
allergic response, immunogenicity, or other problems or
complications, commensurate with a reasonable benefit/risk
ratio. See, Remington: The Science and Practice of Phar-
macy, 21st ed.; Lippincott Williams & Wilkins: Philadelphia,
Pa., 2005; Handbook of Pharmaceutical Excipients, 6th ed.;
Roweetal., Eds.; The Pharmaceutical Press and the American
Pharmaceutical Association: 2009, Handbook of Pharma-
ceutical Additives, 3rd ed.; Ash and Ash Eds.; Gower Pub-
lishing Company: 2007, Pharmaceutical Preformulation and
Formulation, 2nd ed.; Gibson Ed.; CRC Press LLC: Boca
Raton, Fla., 2009.

The term “about” or “approximately” means an acceptable
error for a particular value as determined by one of ordinary
skill in the art, which depends in part on how the value is
measured or determined. In certain embodiments, the term
“about” or “approximately” means within 1, 2, 3, or 4 stan-
dard deviations. In certain embodiments, the term “about” or
“approximately” means within 50%, 20%, 15%, 10%, 9%,
8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, or 0.05% of a given
value or range.

The terms “active ingredient” and “active substance” refer
to a compound, which is administered, alone or in combina-
tion with one or more pharmaceutically acceptable excipi-
ents, to a subject for treating, preventing, or ameliorating one
or more symptoms of a condition, disorder, or disease. As
used herein, “active ingredient” and “active substance” may
be an optically active isomer of'a compound described herein.

The terms “drug,” “therapeutic agent,” and “chemothera-
peutic agent” refer to a compound, or a pharmaceutical com-
position thereof, which is administered to a subject for treat-
ing, preventing, or ameliorating one or more symptoms of a
condition, disorder, or disease.

The term “APATONE®” refers to a pharmaceutical com-
position which comprises [.-ascorbate and 1,2,3 4-tetrahy-
dro-2-methyl-1,4-dioxo-2-naphthalenesulfonate. In certain
embodiments, the term “APATONE®” refers to a pharmaceu-
tical composition, wherein the weight ratio of L.-ascorbate to
1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalene-
sulfonate is 100 or 200.

The term “alkyl” refers to a linear or branched saturated
monovalent hydrocarbon radical, wherein the alkylene may
optionally be substituted as described herein. The term
“alkyl” also encompasses both linear and branched alkyl,
unless otherwise specified. In certain embodiments, the alkyl
is a linear saturated monovalent hydrocarbon radical that has
11020 (C, ,0), 10 15(C; 45), 110 10(C,_,),0r1t0 6 (C, )
carbon atoms, or branched saturated monovalent hydrocar-
bon radical of 3 to 20 (C,_,,), 3t0 15 (C;_;5), 310 10 (C, ),
or 3 to 6 (C;_¢) carbon atoms. As used herein, linear C, ¢ and
branched C, 4 alkyl groups are also referred as “lower alkyl.”
Examples of alkyl groups include, but are not limited to,
methyl, ethyl, propyl (including all isomeric forms), n-pro-
pyl, isopropyl, butyl (including all isomeric forms), n-butyl,
isobutyl, sec-butyl, t-butyl, pentyl (including all isomeric
forms), and hexyl (including all isomeric forms). For
example, C, ¢ alkyl refers to a linear saturated monovalent
hydrocarbon radical of 1 to 6 carbon atoms or a branched
saturated monovalent hydrocarbon radical of 3 to 6 carbon
atoms.

The term “alkenyl” refers to a linear or branched monova-
lent hydrocarbon radical, which contains one or more, in one
embodiment, one to five, carbon-carbon double bonds. The
alkenyl may be optionally substituted as described herein.
The term “alkenyl” also embraces radicals having “cis” and
“trans” configurations, or alternatively, “Z” and “E” configu-
rations, as appreciated by those of ordinary skill in the art. As
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used herein, the term “alkenyl” encompasses both linear and
branched alkenyl, unless otherwise specified. For example,
C,_¢ alkenyl refers to a linear unsaturated monovalent hydro-
carbon radical of 2 to 6 carbon atoms or a branched unsatur-
ated monovalent hydrocarbon radical of 3 to 6 carbon atoms.
In certain embodiments, the alkenyl is a linear monovalent
hydrocarbon radical of 2 to 20 (C, ,,), 2t0 15 (C,_;5), 210 10
(C,_10), 0or 210 6 (C,_¢) carbon atoms, or a branched monova-
lent hydrocarbon radical of 3 to 20 (C;_,,), 3 t0 15 (C5 15), 3
to 10 (C5 1), or 3 to 6 (C, ¢) carbon atoms. Examples of
alkenyl groups include, but are not limited to, ethenyl, pro-
pen-1-yl, propen-2-yl, allyl, butenyl, and 4-methylbutenyl.

The term “alkynyl” refers to a linear or branched monova-
lent hydrocarbon radical, which contains one or more, in one
embodiment, one to five, carbon-carbon triple bonds. The
alkynyl may be optionally substituted as described herein.
The term “alkynyl” also encompasses both linear and
branched alkynyl, unless otherwise specified. In certain
embodiments, the alkynyl is a linear monovalent hydrocarbon
radical of 2 t0 20 (C,_,), 210 15 (C,_45), 210 10 (C,_, ), 0r 2
to 6 (C, ) carbon atoms, or a branched monovalent hydro-
carbon radical of 3 to 20 (C;_,5), 3 to 15 (C545), 3 to 10
(C5.10), or 3 t0 6 (C,_4) carbon atoms. Examples of alkynyl
groups include, but are not limited to, ethynyl (—C=CH)
and propargyl (—CH,C=CH). For example, C, ¢ alkynyl
refers to a linear unsaturated monovalent hydrocarbon radical
of 2 to 6 carbon atoms or a branched unsaturated monovalent
hydrocarbon radical of 3 to 6 carbon atoms.

The term “optionally substituted” is intended to mean that
a group, such as an alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl, heterocyclyl, or alkoxy group, may be substituted
with one or more substituents independently selected from,
e.g., (a) alkyl, alkenyl, alkynyl, cycloalkyl, aryl, aralkyl, het-
eroaryl, and heterocyclyl; and (b) halo, cyano (—CN), nitro
(—NO,), —C(O)R*,—C(O)OR?, —C(O)NR’R?, —C(NR%)
NR’R¢, —OR?, —OC(0)R?, —OC(0)OR*, —OC(O)NR”
R¢, —OC(=NR“NR’R¢, —OS(O)R“, —OS(0),R*, —OS
(O)NR?R¢, —OS(0),NR’R°, —NR’R¢, —NR“C(O)R?,
—NR“C(0)OR?, —NR*C(O)NR’R®, —NR“C(=NR%NR”
R, —NR“S(O)RY, —NR“S(0O),RY —NR“S(O)NR’R*,
—NR“S(0),NR’R¢, —SR#, —S(O)R?, —S(0),R*, —S(0)
NR’R¢, and —S(0),NR”R¢, wherein each R%, R”, R, and RY
is independently (i) hydrogen; (ii) C, ¢ alkyl, C,_¢ alkenyl,
C,_¢ alkynyl, C;_, cycloalkyl, C¢_,, aryl, C,_, 5 aralkyl, het-
eroaryl, or heterocyclyl; or (iii) R? and R€ together with the N
atom to which they are attached form heteroaryl or heterocy-
clyl. As used herein, all groups that can be substituted are
“optionally substituted,” unless otherwise specified.

In certain embodiments, “optically active” and “enantio-
merically active” refer to a collection of molecules, which has
an enantiomeric excess of no less than about 50%, no less than
about 70%, no less than about 80%, no less than about 90%,
no less than about 91%, no less than about 92%, no less than
about 93%, no less than about 94%, no less than about 95%,
no less than about 96%, no less than about 97%, no less than
about 98%, no less than about 99%, no less than about 99.5%,
or no less than about 99.8%. In certain embodiments, the
compound comprises about 95% or more of the desired enan-
tiomer and about 5% or less of the less preferred enantiomer
based on the total weight of the racemate in question.

In describing an optically active compound, the prefixes R
and S are used to denote the absolute configuration of the
molecule about its chiral center(s). The (+) and (=) are used to
denote the optical rotation of the compound, that is, the direc-
tion in which a plane of polarized light is rotated by the
optically active compound. The (-) prefix indicates that the
compound is levorotatory, that is, the compound rotates the
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plane of polarized light to the left or counterclockwise. The
(+) prefix indicates that the compound is dextrorotatory, that
is, the compound rotates the plane of polarized light to the
right or clockwise. However, the sign of optical rotation, (+)
and (-), is not related to the absolute configuration of the
molecule, R and S.

The term “solvate” refers to a compound provided herein
or a salt thereof, which further includes a stoichiometric or
non-stoichiometric amount of solvent bound by non-covalent
intermolecular forces. Where the solvent is water, the solvate
is a hydrate.

The term “chromium-free” refers to a chemical (e.g., a
compound or composition) that contains no more than 100
ppm, 50 ppm, 20 ppm, 10 ppm, 5 ppm, 2 ppm, 1 ppm, 0.1
ppm, 10 bpm, or 1 bpm of chromium. In one embodiment, the
term “‘chromium-free” refers to a chemical that contains no
more than 10 ppm. In another embodiment, the term “chro-
mium-free” refers to a chemical that contains no more than 5
ppm. In yet another embodiment, the term “chromium-free”
refers to a chemical that contains no more than 2 ppm. In yet
another embodiment, the term “chromium-free” refers to a
chemical that contains no more than 1 ppm. In still another
embodiment, the term “chromium-free” refers to a chemical
that contains no more than 1 ppm. The chromium content can
be determined using a conventional technique well known to
one of ordinary skill in the art, e.g., inductively coupled
plasma (ICP) technique.

Vitamin C

As used herein, the term “vitamin C” refers to L-ascorbic
acid or a pharmaceutically acceptable salt thereof; or a phar-
maceutically acceptable solvate or hydrate thereof. Vitamin C
is also known as L-xyloascorbic acid, 3-oxo-L-gulofurano-
lactone (enol form), [.-3-ketothreohexuronic acid lactone,
antiscorbutic vitamin, cevitamic acid, adenex, allercorb,
ascorin, ascorteal, ascorvit, cantan, cantaxin, catavin C, cebi-
cure, cebion, cecon, cegiolan, celaskon, celin, cenetone,
cereon, cergona, cescorbat, cetamid, cetabe, cetemican, ceva-
lin, cevatine, cevex, cevimin, ce-yl-sol, cevitan, cevitex,
cewin, ciamin, cipca, concemin, C-vin, daviamon C,
duoscorb, hybrin, laroscorbine, lemascorb, planavit C,
proscorbin, redoxon, ribena, scorbacid, scorbu-C, testascor-
bic, vicelat, vitacee, vitacimin, vitacin, vitascorbol, and xitix.

In one embodiment, vitamin C provided herein is [.-ascor-
bic acid. In another embodiment, vitamin C provided herein is
a pharmaceutically acceptable salt of L-ascorbic acid, or a
pharmaceutically acceptable solvate or hydrate thereof.

Suitable bases for use in the preparation of pharmaceuti-
cally acceptable salts, including, but not limited to, inorganic
bases, such as magnesium hydroxide, calcium hydroxide,
potassium hydroxide, zinc hydroxide, or sodium hydroxide;
and organic bases, such as primary, secondary, tertiary, and
quaternary, aliphatic and aromatic amines, including [.-argi-
nine, benethamine, benzathine, choline, deanol, diethanola-
mine, diethylamine, dimethylamine, dipropylamine, diiso-
propylamine, 2-(diethylamino)-ethanol, ethanolamine,
ethylamine, ethylenediamine, isopropylamine, N-methyl-
glucamine, hydrabamine, 1H-imidazole, L-lysine, morpho-
line, 4-(2-hydroxyethyl)-morpholine, methylamine, piperi-
dine, piperazine, propylamine, pyrrolidine, 1-(2-
hydroxyethyl)-pyrrolidine, pyridine, quinuclidine, quinoline,
isoquinoline, secondary amines, triethanolamine, trimethy-
lamine, triethylamine, N-methyl-D-glucamine, 2-amino-2-
(hydroxymethyl)-1,3-propanediol, and tromethamine.

In one embodiment, vitamin C provided herein is an alkali
or alkaline earth metal salt of L-ascorbic acid, or a pharma-
ceutically acceptable solvate or hydrate thereof. In another
embodiment, vitamin C provided herein is sodium, potas-
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sium, calcium, or magnesium L-ascorbate, or a pharmaceu-
tically acceptable solvate or hydrate thereof. In yet another
embodiment, vitamin C provided herein is sodium [.-ascor-
bate, or a pharmaceutically acceptable solvate or hydrate
thereof. In yet another embodiment, vitamin C provided
herein is sodium L-ascorbate, which is also known as vitamin
C sodium, ascorbin, sodascorbate, natrascorb, cenolate,
ascorbicin, or cebitate. In yet another embodiment, vitamin C
provided herein is potassium L-ascorbate, or a pharmaceuti-
cally acceptable solvate or hydrate thereof. In yet another
embodiment, vitamin C provided herein is magnesium
L-ascorbate, or a pharmaceutically acceptable solvate or
hydrate thereof. In still another embodiment, vitamin C pro-
vided herein is magnesium L.-ascorbate.

In certain embodiments, the vitamin C provided herein is
D-ascorbic acid or a pharmaceutically acceptable salt, or a
pharmaceutically acceptable solvate or hydrate thereof.

In certain embodiments, the vitamin C, or provided herein
is chromium-free. In certain embodiments, the chromium-
free vitamin C provided herein contains no more than 100
ppm, 50 ppm, 20 ppm, 10 ppm, 5 ppm, 2 ppm, 1 ppm, 0.1
ppm, 10 bpm, or 1 bpm of chromium. In certain embodi-
ments, the chromium-free vitamin C provided herein contains
no greater than 10 ppm chromium. In certain embodiments,
the chromium-free vitamin C provided herein contains no
greater than 5 ppm chromium. In certain embodiments, the
chromium-free vitamin C provided herein contains no greater
than 2 ppm chromium. In certain embodiments, the chro-
mium-free vitamin C provided herein contains no greater
than 1 ppm chromium.

Vitamin K

As used herein, the term “vitamin K” refers to a 2-methyl-

1,4-naphthoquinone derivative of Formula I or II:

I

R2

or an enantiomer, a mixture of enantiomers, or a mixture of
two or more diastereomers thereof; or a pharmaceutically
acceptable salt, solvate, or hydrate thereof; wherein R' is
alkyl, alkenyl, alkynyl, or —SO.H; and R, is hydroxyl or
amino.

In certain embodiments, the vitamin K provided herein is
vitamin K, vitamin K, vitamin K, vitamin R,, or vitamin
K, or a mixture thereof.

In one embodiment, the vitamin K provided herein is vita-
min K,, or a pharmaceutically acceptable salt, solvate, or
hydrate thereof. Vitamin K, is also known as phylloquinone,
[R—[R* R*-(E)]]-2-methyl-3-(3,7,11,15-tetramethyl-2-
hexadecenyl)-1,4-naphthalenedione, 2-methyl-3-phytyl-1,4-
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naphthoquinone, 3-phytylmenadione, phytomenadione, phy-
tonadione, aqua-merphyton, konakion, mephyton, mono-
day, veda-K |, and veta-K,.

In another embodiment, the vitamin K provided herein is
vitamin K,, or a pharmaceutically acceptable salt, solvate, or
hydrate thereof. Vitamin K, is also known as menaquinones,
2-methyl-3-all-trans-polyprenyl-1,4-naphthoquinones.
Some non-limiting examples of vitamin K, include
menaquinone 4, which is also known as vitamin K,
menaquinone 6, which is also known as vitamin K, 5,,; and
menaquinone 7, which is also known as vitamin K, ;5.

In yet another embodiment, the vitamin K provided herein
is vitamin K, or a pharmaceutically acceptable salt, solvate,
or hydrate thereof. Vitamin K, is also known as menadione,
2-methyl-1,4-naphthalenedione, 2-methyl-1,4-naphtho-
quinone, menaphthone, vitamin K, kanone, kappaxin,
kayklot, kayquinone, klottone, kolklot, and thyloquinone,
1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalene-
sulfonic acid, and sodium 1,2,3,4-tetrahydro-2-methyl-1,4-
dioxo-2-naphthalenesulfonate.

In one embodiment, the vitamin K provided herein is 1,2,
3 ,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonic
acid, or a pharmaceutically acceptable salt, solvate, or
hydrate thereof. In another embodiment, the vitamin K pro-
vided herein is 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-
naphthalenesulfonate (also known as menadione bisulfite), or
a pharmaceutically acceptable solvate or hydrate thereof.
Suitable bases for use in the preparation of pharmaceutically
acceptable salts, including, but not limited to, inorganic
bases, such as magnesium hydroxide, calcium hydroxide,
potassium hydroxide, zinc hydroxide, or sodium hydroxide;
and organic bases, such as primary, secondary, tertiary, and
quaternary, aliphatic and aromatic amines, including [.-argi-
nine, benethamine, benzathine, choline, deanol, diethanola-
mine, diethylamine, dimethylamine, dipropylamine, diiso-
propylamine, 2-(diethylamino)-ethanol, ethanolamine,
ethylamine, ethylenediamine, isopropylamine, N-methyl-
glucamine, hydrabamine, 1H-imidazole, L-lysine, morpho-
line, 4-(2-hydroxyethyl)-morpholine, methylamine, piperi-
dine, piperazine, propylamine, pyrrolidine, 1-(2-
hydroxyethyl)-pyrrolidine, pyridine, quinuclidine, quinoline,
isoquinoline, secondary amines, triethanolamine, trimethy-
lamine, triethylamine, N-methyl-D-glucamine, 2-amino-2-
(hydroxymethyl)-1,3-propanediol, and tromethamine.

In one embodiment, vitamin K; provided herein is an alkali
or alkaline earth metal salt of 1,2,3,4-tetrahydro-2-methyl-1,
4-dioxo-2-naphthalenesulfonic acid, or a pharmaceutically
acceptable solvate or hydrate thereof. In another embodi-
ment, vitamin K, provided herein is sodium, potassium, cal-
ciusm, or magnesium 1,2,3,4-tetrahydro-2-methyl-1,4-di-
oxo-2-naphthalenesulfonate, or a  pharmaceutically
acceptable solvate or hydrate thereof. In yet another embodi-
ment, vitamin K; provided herein is sodium 1,2,3 4-tetrahy-
dro-2-methyl-1,4-dioxo-2-naphthalenesulfonate, or a phar-
maceutically acceptable solvate or hydrate thereof. In yet
another embodiment, vitamin K; provided herein is potas-
sium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalene-
sulfonate, or a pharmaceutically acceptable solvate or hydrate
thereof. In yet another embodiment, vitamin K; provided
herein is magnesium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-
2-naphthalenesulfonate, or a pharmaceutically acceptable
solvate or hydrate thereof. In yet another embodiment, vita-
min K, provided herein is sodium 1,2,3,4-tetrahydro-2-me-
thyl-1,4-dioxo-2-naphthalenesulfonate. In yet another
embodiment, vitamin K; provided herein is anhydrous
sodium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthale-
nesulfonate. In yet another embodiment, vitamin K provided
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10
herein is sodium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-
naphthalenesulfonate hydrate. In still another embodiment,
vitamin K; provided herein is sodium 1,2,3,4-tetrahydro-2-
methyl-1,4-dioxo-2-naphthalenesulfonate trihydrate.

In certain embodiments, the vitamin K provided herein is
vitamin R, or a pharmaceutically acceptable salt, solvate, or
hydrate thereof. Vitamin K, is also known as menadiol, 2-me-
thyl-1,4-naphthalenediol, 2-methyl-1,4-naphthohydro-
quinone, 2-methyl-1,4-naphthoquinol, and dihydrovitamin
K.

In certain embodiments, the vitamin K provided herein
comprises vitamin K; and vitamin K,, or pharmaceutically
acceptable salts, solvates, or hydrates thereof.

In certain embodiments, the vitamin K provided herein is
vitamin K5, or a pharmaceutically acceptable salt, solvate, or
hydrate thereof. Vitamin K is also known as 4-amino-2-
methyl-1-naphthalenol, 4-amino-2-methyl-1-naphthol, 1-hy-
droxy-2-methyl-4-aminonaphalene,  2-methyl-4-amino-1-
hydroxynaphthalene, 2-methyl-4-amino-1-naphthol,
3-methyl-4-hydroxy-1-naphthylamine, and synkamin.

In certain embodiments, the vitamin K provided herein is
chromium-free. In certain embodiments, the chromium-free
vitamin K provided herein contains no more than 100 ppm, 50
ppm, 20 ppm, 10 ppm, 5 ppm, 2 ppm, 1 ppm, 0.1 ppm, 10
bpm, or 1 bpm of chromium. In certain embodiments, the
chromium-free vitamin K provided herein contains no greater
than 10 ppm chromium. In certain embodiments, the chro-
mium-free vitamin K provided herein contains no greater
than 5 ppm chromium. In certain embodiments, the chro-
mium-free vitamin K provided herein contains no greater
than 2 ppm chromium. In certain embodiments, the chro-
mium-free vitamin K provided herein contains no greater
than 1 ppm chromium.

In certain embodiments, the vitamin K provided herein is
chromium-free vitamin K. In certain embodiments, the chro-
mium-free vitamin K; provided herein contains no more than
100 ppm, 50 ppm, 20 ppm, 10 ppm, 5 ppm, 2 ppm, 1 ppm, 0.1
ppm, 10 bpm, or 1 bpm of chromium. In certain embodi-
ments, the chromium-free vitamin K5 provided herein con-
tains no greater than 10 ppm chromium. In certain embodi-
ments, the chromium-free vitamin K; provided herein
contains no greater than 5 ppm chromium. In certain embodi-
ments, the chromium-free vitamin K5 provided herein con-
tains no greater than 2 ppm chromium. In certain embodi-
ments, the chromium-free vitamin K; provided herein
contains no greater than 1 ppm chromium.

In certain embodiments, the vitamin K provided herein is
chromium-free sodium 1,2,3,4-tetrahydro-2-methyl-1,4-di-
oxo-2-naphthalenesulfonate. In certain embodiments, the
chromium-free sodium 1,2,3,4-tetrahydro-2-methyl-1,4-di-
oxo-2-naphthalenesulfonate contains no more than 100 ppm,
50 ppm, 20 ppm, 10 ppm, 5 ppm, 2 ppm, 1 ppm, 0.1 ppm, 10
bpm, or 1 bpm of chromium. In certain embodiments, the
chromium-free sodium 1,2,3,4-tetrahydro-2-methyl-1,4-di-
oxo-2-naphthalenesulfonate contains no greater than 10 ppm
chromium. In certain embodiments, the chromium-free
sodium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthale-
nesulfonate contains no greater than 5 ppm chromium. In
certain embodiments, the chromium-free sodium 1,2,3,4-tet-
rahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate  con-
tains no greater than 2 ppm chromium. In certain embodi-
ments, the chromium-free sodium 1,2,3.4-tetrahydro-2-
methyl-1,4-dioxo-2-naphthalenesulfonate ~ contains  no
greater than 1 ppm chromium.

In certain embodiments, the chromium-free vitamin K,
provided herein is made via a cerium mediator electrochemi-
cal technology (CETECH™) as described in U.S. Pat. No.
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6,468,414, the disclosure of which is incorporated by refer-
ence in its entirety. Alternatively, chromium-free vitamin K
is available from commercial sources, such as PRO-K™
(Lonza Group Ltd, Switzerland).

Pharmaceutical Compositions: a Combination of Vitamins C
and K

In one embodiment, provided herein are pharmaceutical
compositions comprising (a) vitamin C, or a pharmaceuti-
cally acceptable salt, solvate, or hydrate thereof, in combina-
tion with (b) vitamin K, or a single enantiomer, a mixture of
enantiomers, or a mixture of diastereomers thereof, or a phar-
maceutically acceptable salt, solvate, or hydrate thereof. In
another embodiment, the pharmaceutical compositions pro-
vided herein further comprise a pharmaceutically acceptable
vehicle, carrier, diluent, or excipient, or a mixture thereof.

In another embodiment, provided herein are pharmaceuti-
cal compositions comprising (a) vitamin C, or a pharmaceu-
tically acceptable salt, solvate, or hydrate thereof, in combi-
nation with (b) chromium-free vitamin K, or a single
enantiomer, a mixture of enantiomers, or a mixture of dias-
tereomers thereof, or a pharmaceutically acceptable salt, sol-
vate, or hydrate thereof. In another embodiment, the pharma-
ceutical compositions provided herein further comprise a
pharmaceutically acceptable vehicle, carrier, diluent, or
excipient, or a mixture thereof.

In yet another embodiment, provided herein are pharma-
ceutical compositions comprising (a) chromium-free vitamin
C, or a pharmaceutically acceptable salt, solvate, or hydrate
thereof, in combination with (b) chromium-free vitamin K, or
a single enantiomer, a mixture of enantiomers, or a mixture of
diastereomers thereof, or a pharmaceutically acceptable salt,
solvate, or hydrate thereof. In another embodiment, the phar-
maceutical compositions provided herein further comprise a
pharmaceutically acceptable vehicle, carrier, diluent, or
excipient, or a mixture thereof.

In still another embodiment, provided herein is a chro-
mium-free pharmaceutical composition comprising (a) vita-
min C, or a pharmaceutically acceptable salt, solvate, or
hydrate thereof, in combination with (b) vitamin K, or a single
enantiomer, a mixture of enantiomers, or a mixture of dias-
tereomers thereof, or a pharmaceutically acceptable salt, sol-
vate, or hydrate thereof. In another embodiment, the pharma-
ceutical compositions provided herein further comprise a
pharmaceutically acceptable vehicle, carrier, diluent, or
excipient, or a mixture thereof.

In certain embodiments, the pharmaceutical compositions
provided herein are chromium-free. In certain embodiments,
the pharmaceutical compositions provided herein contain no
more than 100 ppm, 50 ppm, 20 ppm, 10 ppm, 5 ppm, 2 ppm,
1 ppm, 0.1 ppm, 10 bpm, or 1 bpm of chromium. In certain
embodiments, the pharmaceutical compositions provided
herein contains no greater than 10 ppm chromium. In certain
embodiments, the pharmaceutical compositions provided
herein contains no greater than 5 ppm chromium. In certain
embodiments, the pharmaceutical compositions provided
herein contains no greater than 2 ppm chromium. In certain
embodiments, the pharmaceutical compositions provided
herein contains no greater than 1 ppm chromium.

In one embodiment, the weight ratio of vitamin C to vita-
min K in the pharmaceutical compositions provided herein is
ranging from about 1 to about 500, from about 4 to about 500,
from about 10 to about 500, from about 50 to about 500, from
about 25 to about 250, or from about 50 to about 200, from
about 50 to about 150, or from about 80 to about 120. In
another embodiment, the weight ratio of vitamin C to vitamin
K in the pharmaceutical compositions provided herein is
about 1, about 2, about 4, about 10, about 20, about 30, about
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40, about 50, about 60, about 70, about 80, about 90, about
100, about 110, about 120, about 130, about 140, about 150,
about 160, about 170, about 180, about 190, about 200, about
210, about 220, about 230, about 240, or about 250. In yet
another embodiment, the weight ratio of vitamin C to vitamin
K in the pharmaceutical compositions provided herein is
about 100. In still another embodiment, the weight ratio of
vitamin C to vitamin K in the pharmaceutical compositions
provided herein is about 200.

In one embodiment, the mole ratio of vitamin C to vitamin
K in the pharmaceutical compositions provided herein is
ranging from about 1 to about 500, from about 4 to about 500,
from about 10 to about 500, from about 25 to about 250, or
from about 50 to about 200, from about 50 to about 150, or
from about 80 to about 120. In another embodiment, the mole
ratio of vitamin C to vitamin K in the pharmaceutical com-
positions provided herein is about 1, about 2, about 4, about
10, about 20, about 30, about 40, about 50, about 60, about 70,
about 80, about 90, about 100, about 110, about 120, about
130, about 140, about 150, about 160, about 170, about 180,
about 190, about 200, about 210, about 220, about 230, about
240, or about 250. In yet another embodiment, the mole ratio
of'vitamin C to vitamin K in the pharmaceutical compositions
provided herein is about 100. In still another embodiment, the
mole ratio of vitamin C to vitamin K in the pharmaceutical
compositions provided herein is about 200.

The pharmaceutical compositions provided herein may be
formulated in various dosage forms for oral, parenteral, and
topical administration. The pharmaceutical compositions
may also be formulated as modified release dosage forms,
including delayed-, extended-, prolonged-, sustained-, pulsa-
tile-, controlled-, accelerated-, fast-, targeted-, programmed-
release, and gastric retention dosage forms. These dosage
forms can be prepared according to conventional methods
and techniques known to those skilled in the art (See, Rem-
ington: The Science and Practice of Pharmacy, supra; Modi-
fied-Release Drug Deliver Technology, Rathbone et al., Eds.,
Drugs and the Pharmaceutical Science, Marcel Dekker, Inc.:
New York, N.Y., 2003; Vol. 126).

In one embodiment, the pharmaceutical compositions pro-
vided herein are formulated in a dosage form for oral admin-
istration. In another embodiment, the pharmaceutical com-
positions provided herein are formulated in a dosage form for
parenteral administration. In yet another embodiment, the
pharmaceutical compositions provided herein are formulated
in a dosage form for intravenous administration. In yet
another embodiment, the pharmaceutical compositions pro-
vided herein are formulated in a dosage form for topical
administration. In still another embodiment, the pharmaceu-
tical compositions provided herein are formulated in a dosage
form for local injection.

In one embodiment, the pharmaceutical compositions pro-
vided herein are formulated together as a capsule. In one
embodiment, the capsule contains from about 10 mg to about
1,000 mg, from about 25 mg to about 900 mg, from about 50
mg to about 800 mg, from about 100 mg to about 700 mg,
from about 200 mg to about 600 mg, from about 300 mg to
about 600 mg, or from about 400 mg to about 600 mg of
vitamin C, or a pharmaceutically acceptable salt, solvate, or
hydrate thereof; and from about 0.1 mg to about 10 mg, from
about 1 mg to about 9 mg, from about 2 mg to about 8§ mg,
from about 3 mg to about 7 mg, or from about 4 mg to about
6 mg of vitamin K, or a single enantiomer, a mixture of
enantiomers, or a mixture of diastereomers thereof, or a phar-
maceutically acceptable salt, solvate, or hydrate thereof. In
another embodiment, the capsule contains from about 400 mg
to about 600 mg of vitamin C, or a pharmaceutically accept-
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able salt, solvate, or hydrate thereof; and from about 4 mg to
about 6 mg of vitamin K, or a single enantiomer, a mixture of
enantiomers, or a mixture of diastereomers thereof, or a phar-
maceutically acceptable salt, solvate, or hydrate thereof. In
yet another embodiment, the capsule contains about 200 mg,
about 300 mg, about 400, about 500, about 600 mg, about 700
mg, about 800 mg, or about 900 mg of vitamin C, or a
pharmaceutically acceptable salt, solvate, or hydrate thereof;
and about 1 mg, about 2 mg, about 3 mg, about 4 mg, about 5
mg, about 6 mg, about 7 mg, about 8 mg, about 9 mg, or about
10 mg of vitamin K, or a single enantiomer, a mixture of
enantiomers, or a mixture of diastereomers thereof, or a phar-
maceutically acceptable salt, solvate, or hydrate thereof. In
still another embodiment, the capsule contains about 500 mg
of vitamin C, or a pharmaceutically acceptable salt, solvate,
or hydrate thereof; and about 5 mg of vitamin K, or a single
enantiomer, a mixture of enantiomers, or a mixture of dias-
tereomers thereof, or a pharmaceutically acceptable salt, sol-
vate, or hydrate thereof. In certain embodiments, the capsule
consists essentially of vitamins C, or a pharmaceutically
acceptable salt, solvate, or hydrate thereof; and K, or a single
enantiomer, a mixture of enantiomers, or a mixture of dias-
tereomers thereof, or a pharmaceutically acceptable salt, sol-
vate, or hydrate thereof.

In one embodiment, vitamin C in the pharmaceutical com-
positions provided herein is L-ascorbic acid or a pharmaceu-
tically acceptable salt thereof, or a pharmaceutically accept-
able solvate or hydrate thereof. In another embodiment,
vitamin C in the pharmaceutical compositions provided
herein is an alkali or alkaline earth metal salt of L-ascorbic
acid, or a pharmaceutically acceptable solvate or hydrate
thereof. In yet another embodiment, vitamin C in the phar-
maceutical compositions provided herein is sodium, potas-
sium, calciusm, or magnesium salt of L-ascorbic acid, or a
pharmaceutically acceptable solvate or hydrate thereof. In yet
another embodiment, vitamin C in the pharmaceutical com-
positions provided herein is sodium L-ascorbate. In still
another embodiment, vitamin C in the pharmaceutical com-
positions provided herein is magnesium L-ascorbate.

In one embodiment, vitamin K in the pharmaceutical com-
positions provided herein is vitamin K, or a pharmaceuti-
cally acceptable salt, solvate, or hydrate thereof. In another
embodiment, vitamin K in the pharmaceutical compositions
provided herein is 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-
naphthalenesulfonic acid, or a pharmaceutically acceptable
salt, solvate, or hydrate thereof. In yet another embodiment,
vitamin K in the pharmaceutical compositions provided
herein is an alkali or alkaline earth metal salt of 1,2,3,4-
tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonic acid,
or a pharmaceutically acceptable solvate or hydrate thereof.
In yet another embodiment, vitamin K in the pharmaceutical
compositions provided herein is sodium, potassium, calcium,
or magnesium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-
naphthalenesulfonate, or a pharmaceutically acceptable sol-
vate or hydrate thereof. In yet another embodiment, vitamin K
in the pharmaceutical compositions provided herein is
sodium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthale-
nesulfonate, or a pharmaceutically acceptable solvate or
hydrate thereof. In yet another embodiment, vitamin K in the
pharmaceutical compositions provided herein is potassium
1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalene-
sulfonate, or a pharmaceutically acceptable solvate or hydrate
thereof. In yet another embodiment, vitamin K in the phar-
maceutical compositions provided herein is magnesium 1,2,
3 ,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate,
or a pharmaceutically acceptable solvate or hydrate thereof.
In yet another embodiment, vitamin K in the pharmaceutical
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compositions provided herein is sodium 1,2,3,4-tetrahydro-
2-methyl-1,4-dioxo-2-naphthalenesulfonate. In yet another
embodiment, vitamin K in the pharmaceutical compositions
provided herein is anhydrous sodium 1,2,3.4-tetrahydro-2-
methyl-1,4-dioxo-2-naphthalenesulfonate. In yet another
embodiment, vitamin K in the pharmaceutical compositions
provided herein is sodium 1,2,3,4-tetrahydro-2-methyl-1,4-
dioxo-2-naphthalenesulfonate hydrate. In still another
embodiment, vitamin K in the pharmaceutical compositions
provided herein is sodium 1,2,3,4-tetrahydro-2-methyl-1,4-
dioxo-2-naphthalenesulfonate trihydrate.

In one embodiment, the capsule contains about 500 mg of
sodium [-ascorbate, and about 5 mg of sodium 1,2,3,4-tet-
rahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate or a
hydrate thereof. In another embodiment, the capsule contains
about 500 mg of magnesium L-ascorbate, and about 5 mg of
sodium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthale-
nesulfonate or hydrate thereof. In yet another embodiment,
the capsule contains about 500 mg of sodium [L-ascorbate and
about 5 mg of anhydrous sodium 1,2,3,4-tetrahydro-2-me-
thyl-1,4-dioxo-2-naphthalenesulfonate. In yet another
embodiment, the capsule contains about 500 mg of sodium
L-ascorbate and about 5 mg of sodium 1,2,3,4-tetrahydro-2-
methyl-1,4-dioxo-2-naphthalenesulfonate trihydrate. In yet
another embodiment, the capsule contains about 500 mg of
magnesium L-ascorbate and about 5 mg of anhydrous sodium
1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalene-
sulfonate. In still another embodiment, the capsule contains
about 500 mg of magnesium [-ascorbate and about 5 mg of
sodium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthale-
nesulfonate trihydrate.

In one embodiment, the capsule consists essentially of
vitamin C, or a pharmaceutically acceptable salt, solvate, or
hydrate thereof, in combination with vitamin K, or a single
enantiomer, a mixture of enantiomers, or a mixture of dias-
tereomers thereof, or a pharmaceutically acceptable salt, sol-
vate, or hydrate thereof. In certain embodiments, the capsule
consists essentially of vitamin C, or a pharmaceutically
acceptable salt, solvate, or hydrate thereof, in combination
with vitamin K, or a pharmaceutically acceptable salt, sol-
vate, or hydrate thereof. In one embodiment, the capsule
consists essentially of sodium L-ascorbate, and sodium 1,2,
3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate
or a hydrate thereof. In another embodiment, the capsule
consists essentially of magnesium L-ascorbate, and sodium
1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalene-
sulfonate or hydrate thereof. In yet another embodiment, the
capsule consists essentially of sodium L-ascorbate and anhy-
drous sodium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-
naphthalenesulfonate. In yet another embodiment, the cap-
sule consists essentially of sodium L-ascorbate and sodium
1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalene-
sulfonate trihydrate. In yet another embodiment, the capsule
consists essentially of magnesium [-ascorbate and anhy-
drous sodium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-
naphthalenesulfonate. In still another embodiment, the cap-
sule consists essentially of magnesium IL-ascorbate and
sodium 1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthale-
nesulfonate trihydrate.

The pharmaceutical compositions provided herein can also
be formulated as known to those skilled in the art. Some
examples of vitamins C and K containing pharmaceutical
compositions are described in U.S. Pat. No. 7,091,241, which
is incorporated herein by reference in its entirety.

The pharmaceutical compositions provided herein may be
provided in a unit-dosage or multiple-dosage form. A unit-
dosage form, as used herein, refers to physically discrete a
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unit suitable for administration to a subject, e.g., a human and
animal subject, and packaged individually as is known in the
art. Each unit-dose contains a predetermined quantity of an
active ingredient(s) sufficient to produce the desired thera-
peutic effect, in association with the required pharmaceutical
carriers or excipients. Examples of a unit-dosage form
include an ampoule, syringe, and individually packaged tab-
let and capsule. A unit-dosage form may be administered in
fractions or multiples thereof. A multiple-dosage form is a
plurality of identical unit-dosage forms packaged in a single
container to be administered in segregated unit-dosage form.
Examples of a multiple-dosage form include a vial, bottle of
tablets or capsules, or bottle of pints or gallons.

The pharmaceutical compositions provided herein may be
administered at once, or multiple times at intervals of time. It
is understood that the precise dosage and duration of treat-
ment may vary with the age, weight, and condition of the
patient being treated, and may be determined empirically
using known testing protocols or by extrapolation from in
vivo or in vitro test or diagnostic data. It is further understood
that for any particular individual, specific dosage regimens
should be adjusted over time according to the individual need
and the professional judgment of the person administering or
supervising the administration of the formulations.

A. Oral Administration

The pharmaceutical compositions provided herein for oral
administration can be provided in solid, semisolid, or liquid
dosage forms for oral administration. As used herein, oral
administration also includes buccal, lingual, and sublingual
administration. Suitable oral dosage forms include, but are
not limited to, tablets, fastmelts, chewable tablets, capsules,
pills, strips, troches, lozenges, pastilles, cachets, pellets,
medicated chewing gum, bulk powders, effervescent or non-
effervescent powders or granules, oral mists, solutions, emul-
sions, suspensions, wafers, sprinkles, elixirs, and syrups. In
addition to the active ingredient(s), the pharmaceutical com-
positions can contain one or more pharmaceutically accept-
able carriers or excipients, including, but not limited to, bind-
ers, fillers, diluents, disintegrants, wetting agents, lubricants,
glidants, coloring agents, dye-migration inhibitors, sweeten-
ing agents, flavoring agents, emulsifying agents, suspending
and dispersing agents, preservatives, solvents, non-aqueous
liquids, organic acids, and sources of carbon dioxide.

Binders or granulators impart cohesiveness to a tablet to
ensure the tablet remaining intact after compression. Suitable
binders or granulators include, but are not limited to, starches,
such as corn starch, potato starch, and pre-gelatinized starch
(e.g., STARCH 1500); gelatin; sugars, such as sucrose, glu-
cose, dextrose, molasses, and lactose; natural and synthetic
gums, such as acacia, alginic acid, alginates, extract of Irish
moss, panwar gum, ghatti gum, mucilage of isabgol husks,
carboxymethylcellulose, methylcellulose, polyvinylpyrroli-
done (PVP), Veegum, larch arabogalactan, powdered traga-
canth, and guar gum; celluloses, such as ethyl cellulose, cel-
Iulose acetate, carboxymethyl cellulose calcium, sodium
carboxymethyl cellulose, methyl cellulose, hydroxyethylcel-
Iulose (HEC), hydroxypropylcellulose (HPC), hydroxypro-
pyl methyl cellulose (HPMC); microcrystalline celluloses,
such as AVICEL-PH-101, AVICEL-PH-103, AVICEL
RC-581, AVICEL-PH-105 (FMC Corp., Marcus Hook, Pa.);
and mixtures thereof. Suitable fillers include, but are not
limited to, talc, calcium carbonate, microcrystalline cellu-
lose, powdered cellulose, dextrates, kaolin, mannitol, silicic
acid, sorbitol, starch, pre-gelatinized starch, and mixtures
thereof. The amount of a binder or filler in the pharmaceutical
compositions provided herein varies upon the type of formu-
lation, and is readily discernible to those of ordinary skill in
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the art. The binder or filler may be present from about 50 to
about 99% by weight in the pharmaceutical compositions
provided herein.

Suitable diluents include, but are not limited to, dicalcium
phosphate, calcium sulfate, lactose, sorbitol, sucrose, inosi-
tol, cellulose, kaolin, mannitol, sodium chloride, dry starch,
and powdered sugar. Certain diluents, such as mannitol, lac-
tose, sorbitol, sucrose, and inositol, when present in sufficient
quantity, can impart properties to some compressed tablets
that permit disintegration in the mouth by chewing. Such
compressed tablets can be used as chewable tablets. The
amount of a diluent in the pharmaceutical compositions pro-
vided herein varies upon the type of formulation, and is
readily discernible to those of ordinary skill in the art.

Suitable disintegrants include, but are not limited to, agar;
bentonite; celluloses, such as methylcellulose and carboxym-
ethylcellulose; wood products; natural sponge; cation-ex-
change resins; alginic acid; gums, such as guar gum and
Veegum HYV; citrus pulp; cross-linked celluloses, such as
croscarmellose; cross-linked polymers, such as crospovi-
done; cross-linked starches; calcium carbonate; microcrys-
talline cellulose, such as sodium starch glycolate; polacrilin
potassium; starches, such as corn starch, potato starch, tapi-
oca starch, and pre-gelatinized starch; clays; aligns; and mix-
tures thereof. The amount of a disintegrant in the pharmaceu-
tical compositions provided herein varies upon the type of
formulation, and is readily discernible to those of ordinary
skill in the art. The amount of a disintegrant in the pharma-
ceutical compositions provided herein varies upon the type of
formulation, and is readily discernible to those of ordinary
skill in the art. The pharmaceutical compositions provided
herein may contain from about 0.5 to about 15% or from
about 1 to about 5% by weight of a disintegrant.

Suitable lubricants include, but are not limited to, calcium
stearate; magnesium stearate; mineral oil; light mineral oil;
glycerin; sorbitol; mannitol; glycols, such as glycerol behen-
ate and polyethylene glycol (PEG); stearic acid; sodium lau-
ryl sulfate; talc; hydrogenated vegetable oil, including peanut
oil, cottonseed oil, sunflower oil, sesame oil, olive oil, corn
oil, and soybean oil; zinc stearate; ethyl oleate; ethyl laureate;
agar; starch; lycopodium; silica or silica gels, such as AERO-
SIL® 200 (W.R. Grace Co., Baltimore, Md.) and CAB-O-
SIL® (Cabot Co. of Boston, Mass.); and mixtures thereof.
The pharmaceutical compositions provided herein may con-
tain about 0.1 to about 5% by weight of a lubricant.

Suitable glidants include, but are not limited to, colloidal
silicon dioxide, CAB-O-SIL® (Cabot Co. of Boston, Mass.),
and asbestos-free talc. Suitable coloring agents include, but
are not limited to, any ofthe approved, certified, water soluble
FD&C dyes, and water insoluble FD&C dyes suspended on
alumina hydrate, and color lakes and mixtures thereof. A
color lake is the combination by adsorption of a water-soluble
dye to a hydrous oxide of a heavy metal, resulting in an
insoluble form of the dye. Suitable flavoring agents include,
but are not limited to, natural flavors extracted from plants,
such as fruits, and synthetic blends of compounds which
produce a pleasant taste sensation, such as peppermint and
methyl salicylate. Suitable sweetening agents include, but are
not limited to, sucrose, lactose, mannitol, syrups, glycerin,
and artificial sweeteners, such as saccharin and aspartame.
Suitable emulsifying agents include, but are not limited to,
gelatin, acacia, tragacanth, bentonite, and surfactants, such as
polyoxyethylene sorbitan monooleate (TWEEN® 20), poly-
oxyethylene sorbitan monooleate 80 (TWEEN® 80), and
triethanolamine oleate. Suitable suspending and dispersing
agents include, but are not limited to, sodium carboxymeth-
ylcellulose, pectin, tragacanth, Veegum, acacia, sodium car-
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bomethylcellulose, hydroxypropyl methylcellulose, and
polyvinylpyrrolidone. Suitable preservatives include, but are
not limited to, glycerin, methyl and propylparaben, benzoic
add, sodium benzoate and alcohol. Suitable wetting agents
include, but are not limited to, propylene glycol monostear-
ate, sorbitan monooleate, diethylene glycol monolaurate, and
polyoxyethylene lauryl ether. Suitable solvents include, but
are not limited to, glycerin, sorbitol, ethyl alcohol, and syrup.
Suitable non-aqueous liquids utilized in emulsions include,
but are not limited to, mineral oil and cottonseed oil. Suitable
organic acids include, but are not limited to, citric and tartaric
acid. Suitable sources of carbon dioxide include, but are not
limited to, sodium bicarbonate and sodium carbonate.

It should be understood that many carriers and excipients
may serve several functions, even within the same formula-
tion.

The pharmaceutical compositions provided herein for oral
administration can be provided as compressed tablets, tablet
triturates, chewable lozenges, rapidly dissolving tablets, mul-
tiple compressed tablets, or enteric-coating tablets, sugar-
coated, or film-coated tablets. Enteric-coated tablets are com-
pressed tablets coated with substances that resist the action of
stomach acid but dissolve or disintegrate in the intestine, thus
protecting the active ingredients from the acidic environment
of the stomach. Enteric-coatings include, but are not limited
to, fatty acids, fats, phenyl salicylate, waxes, shellac, ammo-
niated shellac, and cellulose acetate phthalates. Sugar-coated
tablets are compressed tablets surrounded by a sugar coating,
which may be beneficial in covering up objectionable tastes
or odors and in protecting the tablets from oxidation. Film-
coated tablets are compressed tablets that are covered with a
thin layer or film of a water-soluble material. Film coatings
include, but are not limited to, hydroxyethylcellulose, sodium
carboxymethylcellulose, polyethylene glycol 4000, and cel-
Iulose acetate phthalate. Film coating imparts the same gen-
eral characteristics as sugar coating. Multiple compressed
tablets are compressed tablets made by more than one com-
pression cycle, including layered tablets, and press-coated or
dry-coated tablets.

The tablet dosage forms can be prepared from the active
ingredient in powdered, crystalline, or granular forms, alone
or in combination with one or more carriers or excipients
described herein, including binders, disintegrants, con-
trolled-release polymers, lubricants, diluents, and/or colo-
rants. Flavoring and sweetening agents are especially useful
in the formation of chewable tablets and lozenges.

The pharmaceutical compositions provided herein for oral
administration can be provided as soft or hard capsules,
which can be made from gelatin, methylcellulose, starch, or
calcium alginate. The hard gelatin capsule, also known as the
dry-filled capsule (DFC), consists of two sections, one slip-
ping over the other, thus completely enclosing the active
ingredient. The soft elastic capsule (SEC) is a soft, globular
shell, such as a gelatin shell, which is plasticized by the
addition of glycerin, sorbitol, or a similar polyol. The soft
gelatin shells may contain a preservative to prevent the
growth of microorganisms. Suitable preservatives are those
as described herein, including methyl- and propyl-parabens,
and sorbic acid. The liquid, semisolid, and solid dosage forms
provided herein may be encapsulated in a capsule. Suitable
liquid and semisolid dosage forms include solutions and sus-
pensions in propylene carbonate, vegetable oils, or triglycer-
ides. Capsules containing such solutions can be prepared as
described in U.S. Pat. Nos. 4,328,245; 4,409,239; and 4,410,
545. The capsules may also be coated as known by those of
skill in the art in order to modify or sustain dissolution of the
active ingredient.
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The pharmaceutical compositions provided herein for oral
administration can be provided in liquid and semisolid dos-
age forms, including emulsions, solutions, suspensions, elix-
irs, and syrups. An emulsion is a two-phase system, in which
one liquid is dispersed in the form of small globules through-
out another liquid, which can be oil-in-water or water-in-oil.
Emulsions may include a pharmaceutically acceptable non-
aqueous liquid or solvent, emulsifying agent, and preserva-
tive. Suspensions may include a pharmaceutically acceptable
suspending agent and preservative. Aqueous alcoholic solu-
tions may include a pharmaceutically acceptable acetal, such
as a di(lower alkyl)acetal of a lower alkyl aldehyde, e.g.,
acetaldehyde diethyl acetal; and a water-miscible solvent
having one or more hydroxyl groups, such as propylene gly-
col and ethanol. Elixirs are clear, sweetened, and hydroalco-
holic solutions. Syrups are concentrated aqueous solutions of
a sugar, for example, sucrose, and may also contain a preser-
vative. For a liquid dosage form, for example, a solution in a
polyethylene glycol may be diluted with a sufficient quantity
of'a pharmaceutically acceptable liquid carrier, e.g., water, to
be measured conveniently for administration.

Other useful liquid and semisolid dosage forms include,
but are not limited to, those containing the active ingredient(s)
provided herein, and a dialkylated mono- or poly-alkylene
glycol, including, 1,2-dimethoxymethane, diglyme, trig-
lyme, tetraglyme, polyethylene glycol-350-dimethyl ether,
polyethylene glycol-550-dimethyl ether, polyethylene gly-
col-750-dimethyl ether, wherein 350, 550, and 750 refer to
the approximate average molecular weight of the polyethyl-
ene glycol. These formulations can further comprise one or
more antioxidants, such as butylated hydroxytoluene (BHT),
butylated hydroxyanisole (BHA), propyl gallate, vitamin E,
hydroquinone, hydroxycoumarins, ethanolamine, lecithin,
cephalin, malic acid, sorbitol, phosphoric acid, bisulfite,
sodium metabisulfite, thiodipropionic acid and its esters, and
dithiocarbamates.

The pharmaceutical compositions provided herein for oral
administration can be also provided in the forms of lipo-
somes, micelles, microspheres, or nanosystems. Micellar
dosage forms can be prepared as described in U.S. Pat. No.
6,350,458.

The pharmaceutical compositions provided herein for oral
administration can be provided as non-effervescent or efter-
vescent, granules and powders, to be reconstituted into a
liquid dosage form. Pharmaceutically acceptable carriers and
excipients used in the non-effervescent granules or powders
may include diluents, sweeteners, and wetting agents. Phar-
maceutically acceptable carriers and excipients used in the
effervescent granules or powders may include organic acids
and a source of carbon dioxide.

Coloring and flavoring agents can be used in all of the
above dosage forms.

The pharmaceutical compositions provided herein for oral
administration can be formulated as immediate or modified
release dosage forms, including delayed-, sustained, pulsed-,
controlled, targeted-, and programmed-release forms.

B. Parenteral Administration

The pharmaceutical compositions provided herein can be
administered parenterally by injection, infusion, or implan-
tation, forlocal or systemic administration. Parenteral admin-
istration, as used herein, include intravenous, intraarterial,
intraperitoneal, intrathecal, intraventricular, intraurethral,
intrasternal, intracranial, intramuscular, intrasynovial, intra-
vesical, and subcutaneous administration.

The pharmaceutical compositions provided herein for
parenteral administration can be formulated in any dosage
forms that are suitable for parenteral administration, includ-
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ing solutions, suspensions, emulsions, micelles, liposomes,
microspheres, nanosystems, and solid forms suitable for solu-
tions or suspensions in liquid prior to injection. Such dosage
forms can be prepared according to conventional methods
known to those skilled in the art of pharmaceutical science
(see, Remington: The Science and Practice of Pharmacy,
supra).

The pharmaceutical compositions intended for parenteral
administration can include one or more pharmaceutically
acceptable carriers and excipients, including, but not limited
to, aqueous vehicles, water-miscible vehicles, non-aqueous
vehicles, antimicrobial agents or preservatives against the
growth of microorganisms, stabilizers, solubility enhancers,
isotonic agents, buffering agents, antioxidants, local anes-
thetics, suspending and dispersing agents, wetting or emulsi-
fying agents, complexing agents, sequestering or chelating
agents, cryoprotectants, lyoprotectants, thickening agents,
pH adjusting agents, and inert gases.

Suitable aqueous vehicles include, but are not limited to,
water, saline, physiological saline or phosphate buffered
saline (PBS), sodium chloride injection, Ringers injection,
isotonic dextrose injection, sterile water injection, dextrose
and lactated Ringers injection. Suitable non-aqueous vehicles
include, but are not limited to, fixed oils of vegetable origin,
castor oil, corn oil, cottonseed oil, olive oil, peanut oil, pep-
permint oil, safflower oil, sesame oil, soybean oil, hydroge-
nated vegetable oils, hydrogenated soybean oil, and medium-
chain triglycerides of coconut oil, and palm seed oil. Suitable
water-miscible vehicles include, but are not limited to, etha-
nol, 1,3-butanediol, liquid polyethylene glycol (e.g., polyeth-
ylene glycol 300 and polyethylene glycol 400), propylene
glycol, glycerin, N-methyl-2-pyrrolidone, N,N-dimethylac-
etamide, and dimethy] sulfoxide.

Suitable antimicrobial agents or preservatives include, but
are not limited to, phenols, cresols, mercurials, benzyl alco-
hol, chlorobutanol, methyl and propyl p-hydroxybenzoates,
thimerosal, benzalkonium chloride (e.g., benzethonium chlo-
ride), methyl- and propyl-parabens, and sorbic acid. Suitable
isotonic agents include, but are not limited to, sodium chlo-
ride, glycerin, and dextrose. Suitable buffering agents
include, but are not limited to, phosphate and citrate. Suitable
antioxidants are those as described herein, including bisulfite
and sodium metabisulfite. Suitable local anesthetics include,
but are not limited to, procaine hydrochloride. Suitable sus-
pending and dispersing agents are those as described herein,
including sodium carboxymethylcelluose, hydroxypropyl
methylcellulose, and polyvinylpyrrolidone. Suitable emulsi-
fying agents are those described herein, including polyoxy-
ethylene sorbitan monolaurate, polyoxyethylene sorbitan
monooleate 80, and triethanolamine oleate. Suitable seques-
tering or chelating agents include, but are not limited to
EDTA. Suitable pH adjusting agents include, but are not
limited to, sodium hydroxide, hydrochloric acid, citric acid,
and lactic acid. Suitable complexing agents include, but are
not limited to, cyclodextrins, including a-cyclodextrin, -cy-
clodextrin, hydroxypropyl-p-cyclodextrin, sulfobutylether-
p-cyclodextrin, and sulfobutylether 7-p-cyclodextrin (CAP-
TISOL®, CyDex, Lenexa, Kans.).

When the pharmaceutical compositions provided herein
are formulated for multiple dosage administration, the mul-
tiple dosage parenteral formulations must contain an antimi-
crobial agent at bacteriostatic or fungistatic concentrations.
All parenteral formulations must be sterile, as known and
practiced in the art.

In one embodiment, the pharmaceutical compositions for
parenteral administration are provided as ready-to-use sterile
solutions. In another embodiment, the pharmaceutical com-
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positions are provided as sterile dry soluble products, includ-
ing lyophilized powders and hypodermic tablets, to be recon-
stituted with a wvehicle prior to use. In yet another
embodiment, the pharmaceutical compositions are provided
as ready-to-use sterile suspensions. In yet another embodi-
ment, the pharmaceutical compositions are provided as sterile
dry insoluble products to be reconstituted with a vehicle prior
to use. In still another embodiment, the pharmaceutical com-
positions are provided as ready-to-use sterile emulsions.

The pharmaceutical compositions provided herein for
parenteral administration can be formulated as immediate or
modified release dosage forms, including delayed-, sus-
tained, pulsed-, controlled, targeted-, and programmed-re-
lease forms.

The pharmaceutical compositions provided herein for
parenteral administration can be formulated as a suspension,
solid, semi-solid, or thixotropic liquid, for administration as
an implanted depot. In one embodiment, the pharmaceutical
compositions provided herein are dispersed in a solid inner
matrix, which is surrounded by an outer polymeric membrane
that is insoluble in body fluids but allows the active ingredient
in the pharmaceutical compositions diffuse through.

Suitable inner matrixes include, but are not limited to,
polymethylmethacrylate, polybutyl-methacrylate, plasti-
cized or unplasticized polyvinylchloride, plasticized nylon,
plasticized polyethylene terephthalate, natural rubber, poly-
isoprene, polyisobutylene, polybutadiene, polyethylene, eth-
ylene-vinyl acetate copolymers, silicone rubbers, polydim-
ethylsiloxanes, silicone carbonate copolymers, hydrophilic
polymers, such as hydrogels of esters of acrylic and meth-
acrylic acid, collagen, cross-linked polyvinyl alcohol, and
cross-linked partially hydrolyzed polyvinyl acetate.

Suitable outer polymeric membranes include but are not
limited to, polyethylene, polypropylene, ethylene/propylene
copolymers, ethylene/ethyl acrylate copolymers, ethylene/
vinyl acetate copolymers, silicone rubbers, polydimethyl
siloxanes, neoprene rubber, chlorinated polyethylene, poly-
vinylchloride, vinyl chloride copolymers with vinyl acetate,
vinylidene chloride, ethylene and propylene, ionomer poly-
ethylene terephthalate, butyl rubber epichlorohydrin rubbers,
ethylene/vinyl alcohol copolymer, ethylene/vinyl acetate/vi-
nyl alcohol terpolymer, and ethylene/vinyloxyethanol
copolymer.

C. Topical Administration

The pharmaceutical compositions provided herein can be
administered topically to the skin, orifices, or mucosa. The
topical administration, as used herein, includes (intra)dermal,
conjunctival, intracorneal, intraocular, ophthalmic, auricular,
transdermal, nasal, vaginal, urethral, respiratory, and rectal
administration.

The pharmaceutical compositions provided herein can be
formulated in any dosage forms that are suitable for topical
administration for local or systemic effect, including emul-
sions, solutions, suspensions, creams, gels, hydrogels, oint-
ments, dusting powders, dressings, elixirs, lotions, suspen-
sions, tinctures, pastes, foams, films, aerosols, irrigations,
sprays, suppositories, bandages, and dermal patches. The
topical formulation of the pharmaceutical compositions pro-
vided herein can also comprise liposomes, micelles, micro-
spheres, nanosystems, and mixtures thereof.

Pharmaceutically acceptable carriers and excipients suit-
able for use in the topical formulations provided herein
include, but are not limited to, aqueous vehicles, water-mis-
cible vehicles, non-aqueous vehicles, antimicrobial agents or
preservatives against the growth of microorganisms, stabiliz-
ers, solubility enhancers, isotonic agents, buffering agents,
antioxidants, local anesthetics, suspending and dispersing
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agents, wetting or emulsifying agents, complexing agents,
sequestering or chelating agents, penetration enhancers,
cryoprotectants, lyoprotectants, thickening agents, and inert
gases.

The pharmaceutical compositions can also be administered
topically by electroporation, iontophoresis, phonophoresis,
sonophoresis, or microneedle or needle-free injection, such
as POWDERJECT™ (Chiron Corp., Emeryville, Calif.), and
BIOJECT™ (Bioject Medical Technologies Inc., Tualatin,
Oreg.).

The pharmaceutical compositions provided herein can be
provided in the forms of ointments, creams, and gels. Suitable
ointment vehicles include oleaginous or hydrocarbon
vehicles, including lard, benzoinated lard, olive oil, cotton-
seed oil, and other oils, white petrolatum; emulsifiable or
absorption vehicles, such as hydrophilic petrolatum, hydrox-
ystearin sulfate, and anhydrous lanolin; water-removable
vehicles, such as hydrophilic ointment; water-soluble oint-
ment vehicles, including polyethylene glycols of varying
molecular weight; emulsion vehicles, either water-in-oil
(W/O) emulsions or oil-in-water (O/W) emulsions, including
cetyl alcohol, glyceryl monostearate, lanolin, and stearic acid
(see, Remington: The Science and Practice of Pharmacy,
supra). These vehicles are emollient but generally require
addition of antioxidants and preservatives.

Suitable cream base can be oil-in-water or water-in-oil.
Suitable cream vehicles may be water-washable, and contain
an oil phase, an emulsifier, and an aqueous phase. The oil
phase is also called the “internal” phase, which is generally
comprised of petrolatum and a fatty alcohol such as cetyl or
stearyl alcohol. The aqueous phase usually, although not nec-
essarily, exceeds the oil phase in volume, and generally con-
tains a humectant. The emulsifier in a cream formulation may
be a nonionic, anionic, cationic, or amphoteric surfactant.

Gels are semisolid, suspension-type systems. Single-phase
gels contain organic macromolecules distributed substan-
tially uniformly throughout the liquid carrier. Suitable gelling
agents include, but are not limited to, crosslinked acrylic acid
polymers, such as carbomers, carboxypolyalkylenes, and
CARBOPOL®; hydrophilic polymers, such as polyethylene
oxides, polyoxyethylene-polyoxypropylene copolymers, and
polyvinylalcohol; cellulosic polymers, such as hydroxypro-
py! cellulose, hydroxyethyl cellulose, hydroxypropyl meth-
ylcellulose, hydroxypropyl methylcellulose phthalate, and
methylcellulose; gums, such as tragacanth and xanthan gum;
sodium alginate; and gelatin. In order to prepare a uniform
gel, dispersing agents such as alcohol or glycerin can be
added, or the gelling agent can be dispersed by trituration,
mechanical mixing, and/or stirring.

The pharmaceutical compositions provided herein can be
administered rectally, urethrally, vaginally, or perivaginally
in the forms of suppositories, pessaries, bougies, poultices or
cataplasm, pastes, powders, dressings, creams, plasters, con-
traceptives, ointments, solutions, emulsions, suspensions,
tampons, gels, foams, sprays, or enemas. These dosage forms
can be manufactured using conventional processes as
described in Remington: The Science and Practice of Phar-
macy, supra.

Rectal, urethral, and vaginal suppositories are solid bodies
for insertion into body orifices, which are solid at ordinary
temperatures but melt or soften at body temperature to release
the active ingredient(s) inside the orifices. Pharmaceutically
acceptable carriers utilized in rectal and vaginal suppositories
include bases or vehicles, such as stiffening agents, which
produce a melting point in the proximity of body temperature,
when formulated with the pharmaceutical compositions pro-
vided herein; and antioxidants as described herein, including
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bisulfite and sodium metabisulfite. Suitable vehicles include,
but are not limited to, cocoa butter (theobroma oil), glycerin-
gelatin, carbowax (polyoxyethylene glycol), spermaceti, par-
affin, white and yellow wax, and appropriate mixtures of
mono-, di- and triglycerides of fatty acids, and hydrogels,
such as polyvinyl alcohol, hydroxyethyl methacrylate, and
polyacrylic acid. Combinations of the various vehicles can
also be used. Rectal and vaginal suppositories may be pre-
pared by compressing or molding. The typical weight of a
rectal and vaginal suppository is about 2 to about 3 g.

The pharmaceutical compositions provided herein can be
administered ophthalmically in the forms of solutions, sus-
pensions, ointments, emulsions, gel-forming solutions, pow-
ders for solutions, gels, ocular inserts, and implants.

The pharmaceutical compositions provided herein can be
administered intranasally or by inhalation to the respiratory
tract. The pharmaceutical compositions can be provided in
the form of an aerosol or solution for delivery using a pres-
surized container, pump, spray, atomizer, such as an atomizer
using electrohydrodynamics to produce a fine mist, or nebu-
lizer, alone or in combination with a suitable propellant, such
as 1,1,1,2-tetrafluoroethane or 1,1,1,2,3,3,3-heptafluoropro-
pane. The pharmaceutical compositions can also be provided
as a dry powder for insufflation, alone or in combination with
an inert carrier such as lactose or phospholipids; and nasal
drops. For intranasal use, the powder can comprise a bioad-
hesive agent, including chitosan or cyclodextrin.

Solutions or suspensions for use in a pressurized container,
pump, spray, atomizer, or nebulizer can be formulated to
contain ethanol, aqueous ethanol, or a suitable alternative
agent for dispersing, solubilizing, or extending release of the
active ingredient provided herein; a propellant as solvent;
and/or a surfactant, such as sorbitan trioleate, oleic acid, or an
oligolactic acid.

The pharmaceutical compositions provided herein can be
micronized to a size suitable for delivery by inhalation, such
as about 50 micrometers or less, or about 10 micrometers or
less. Particles of such sizes can be prepared using a commi-
nuting method known to those skilled in the art, such as spiral
jetmilling, fluid bed jet milling, supercritical fluid processing
to form nanoparticles, high pressure homogenization, or
spray drying.

Capsules, blisters, and cartridges for use in an inhaler or
insufflator can be formulated to contain a powder mix of the
pharmaceutical compositions provided herein; a suitable
powder base, such as lactose or starch; and a performance
modifier, such as 1-leucine, mannitol, or magnesium stearate.
The lactose may be anhydrous or in the form of the monohy-
drate. Other suitable excipients or carriers include, but are not
limited to, dextran, glucose, maltose, sorbitol, xylitol, fruc-
tose, sucrose, and trehalose. The pharmaceutical composi-
tions provided herein for inhaled/intranasal administration
can further comprise a suitable flavor, such as menthol and
levomenthol; and/or sweeteners, such as saccharin and sac-
charin sodium.

The pharmaceutical compositions provided herein for topi-
cal administration can be formulated to be immediate release
or modified release, including delayed-, sustained-, pulsed-,
controlled-, targeted, and programmed release.

D. Modified Release

The pharmaceutical compositions provided herein can be
formulated as a modified release dosage form. As used herein,
the term “modified release” refers to a dosage form in which
the rate or place of release of the active ingredient(s) is dif-
ferent from that of an immediate dosage form when admin-
istered by the same route. Modified release dosage forms
include, but are not limited to, delayed-, extended-, pro-
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longed-, sustained-, pulsatile-, controlled-, accelerated- and
fast-, targeted-, programmed-release, and gastric retention
dosage forms. The pharmaceutical compositions in modified
release dosage forms can be prepared using a variety of modi-
fied release devices and methods known to those skilled in the
art, including, but not limited to, matrix controlled release
devices, osmotic controlled release devices, multiparticulate
controlled release devices, ion-exchange resins, enteric coat-
ings, multilayered coatings, microspheres, liposomes, and
combinations thereof. The release rate of the active
ingredient(s) can also be modified by varying the particle
sizes and polymorphorism of the active ingredient(s).
Examples of modified release include, but are not limited
to, those described in U.S. Pat. Nos. 3,845,770; 3,916,899,

3,536,809; 3,598,123; 4,008,719; 5,674,533; 5,059,595;
5,501,767, 5,120,548; 5,073,543; 5,639,476, 5,354,556,
5,639,480; 5,733,566; 5,739,108; 5,891,474; 5,922,356,
5,972,891; 5,980,945; 5,993,855; 6,045,830, 6,087,324;
6,113,943; 6,197,350; 6,248,363; 6,264,970, 6,267,981,

6,376,461, 6,419,961, 6,589,548; 6,613,358; and 6,699,500.
1. Matrix Controlled Release Devices

The pharmaceutical compositions provided herein in a
modified release dosage form can be fabricated using a matrix
controlled release device known to those skilled in the art
(see, Takada et al. in “Encyclopedia of Controlled Drug
Delivery,” Vol. 2, Mathiowitz Ed., Wiley, 1999).

In certain embodiments, the pharmaceutical compositions
provided herein in a modified release dosage form is formu-
lated using an erodible matrix device, which is water-
swellable, erodible, or soluble polymers, including, but not
limited to, synthetic polymers, and naturally occurring poly-
mers and derivatives, such as polysaccharides and proteins.

Materials useful in forming an erodible matrix include, but
are not limited to, chitin, chitosan, dextran, and pullulan; gum
agar, gum arabic, gum karaya, locust bean gum, gum traga-
canth, carrageenans, gum ghatti, guar gum, xanthan gum, and
scleroglucan; starches, such as dextrin and maltodextrin;
hydrophilic colloids, such as pectin; phosphatides, such as
lecithin; alginates; propylene glycol alginate; gelatin; col-
lagen; cellulosics, such as ethyl cellulose (EC), methylethyl
cellulose (MEC), carboxymethyl cellulose (CMC), CMEC,
hydroxyethyl cellulose (HEC), hydroxypropyl cellulose
(HPC), cellulose acetate (CA), cellulose propionate (CP),
cellulose butyrate (CB), cellulose acetate butyrate (CAB),
CAP, CAT, hydroxypropyl methyl cellulose (HPMC),
HPMCP, HPMCAS, hydroxypropyl methyl cellulose acetate
trimellitate (HPMCAT), and ethyl hydroxyethyl cellulose
(EHEC); polyvinyl pyrrolidone; polyvinyl alcohol; polyvinyl
acetate; glycerol fatty acid esters; polyacrylamide; poly-
acrylic acid; copolymers of ethacrylic acid or methacrylic
acid (EUDRAGIT®, Rohm America, Inc., Piscataway, N.JI.);
poly(2-hydroxyethyl-methacrylate); polylactides; copoly-
mers of [-glutamic acid and ethyl-L-glutamate; degradable
lactic acid-glycolic acid copolymers; poly-D-(-)-3-hydroxy-
butyric acid; and other acrylic acid derivatives, such as
homopolymers and copolymers of butylmethacrylate, methyl
methacrylate, ethyl methacrylate, ethylacrylate, (2-dimethy-
laminoethyl)methacrylate, and (trimethylaminoethyl)meth-
acrylate chloride.

In certain embodiments, the pharmaceutical compositions
provided herein are formulated with a non-erodible matrix
device. The active ingredient(s) is dissolved or dispersed in an
inert matrix and is released primarily by diffusion through the
inert matrix once administered. Materials suitable foruseas a
non-erodible matrix device include, but are not limited to,
insoluble plastics, such as polyethylene, polypropylene,
polyisoprene, polyisobutylene, polybutadiene, polymethyl-
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methacrylate, polybutylmethacrylate, chlorinated polyethyl-
ene, polyvinylchloride, methyl acrylate-methyl methacrylate
copolymers, ethylene-vinyl acetate copolymers, ethylene/
propylene copolymers, ethylene/ethyl acrylate copolymers,
vinyl chloride copolymers with vinyl acetate, vinylidene
chloride, ethylene and propylene, ionomer polyethylene
terephthalate, butyl rubbers, epichlorohydrin rubbers, ethyl-
ene/vinyl alcohol copolymer, ethylene/vinyl acetate/vinyl
alcohol terpolymer, ethylene/vinyloxyethanol copolymer,
polyvinyl chloride, plasticized nylon, plasticized polyethyl-
ene terephthalate, natural rubber, silicone rubbers, polydim-
ethylsiloxanes, and silicone carbonate copolymers; hydro-
philic polymers, such as ethyl cellulose, cellulose acetate,
crospovidone, and cross-linked partially hydrolyzed polyvi-
nyl acetate; and fatty compounds, such as carnauba wax,
microcrystalline wax, and triglycerides.

In a matrix controlled release system, the desired release
kinetics can be controlled, for example, via the polymer type
employed, the polymer viscosity, the particle sizes of the
polymer and/or the active ingredient(s), the ratio of the active
ingredient(s) versus the polymer, and other excipients or car-
riers in the compositions.

The pharmaceutical compositions provided herein in a
modified release dosage form can be prepared by methods
known to those skilled in the art, including direct compres-
sion, dry or wet granulation followed by compression, and
melt-granulation followed by compression.

2. Osmotic Controlled Release Devices

The pharmaceutical compositions provided herein in a
modified release dosage form can be fabricated using an
osmotic controlled release device, including, but not limited
to, one-chamber system, two-chamber system, asymmetric
membrane technology (AMT), and extruding core system
(ECS). In general, such devices have at least two components:
(a) a core which contains an active ingredient; and (b) a
semipermeable membrane with at least one delivery port,
which encapsulates the core. The semipermeable membrane
controls the influx of water to the core from an aqueous
environment of use so as to cause drug release by extrusion
through the delivery port(s).

In addition to the active ingredient(s), the core of the
osmotic device optionally includes an osmotic agent, which
creates a driving force for transport of water from the envi-
ronment of use into the core of the device. One class of
osmotic agents is water-swellable hydrophilic polymers,
which are also referred to as “osmopolymers” and “hydro-
gels.” Suitable water-swellable hydrophilic polymers as
osmotic agents include, but are not limited to, hydrophilic
vinyl and acrylic polymers, polysaccharides such as calcium
alginate, polyethylene oxide (PEO), polyethylene glycol
(PEG), polypropylene glycol (PPG), poly(2-hydroxyethyl
methacrylate), poly(acrylic) acid, poly(methacrylic) acid,
polyvinylpyrrolidone (PVP), crosslinked PVP, polyvinyl
alcohol (PVA), PVA/PVP copolymers, PVA/PVP copoly-
mers with hydrophobic monomers such as methyl methacry-
late and vinyl acetate, hydrophilic polyurethanes containing
large PEO blocks, sodium croscarmellose, carrageenan,
hydroxyethyl cellulose (HEC), hydroxypropyl cellulose
(HPC), hydroxypropyl methyl cellulose (HPMC), carboxym-
ethyl cellulose (CMC) and carboxyethyl, cellulose (CEC),
sodium alginate, polycarbophil, gelatin, xanthan gum, and
sodium starch glycolate.

The other class of osmotic agents is osmogens, which are
capable of imbibing water to affect an osmotic pressure gra-
dient across the barrier of the surrounding coating. Suitable
osmogens include, but are not limited to, inorganic salts, such
as magnesium sulfate, magnesium chloride, calcium chlo-
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ride, sodium chloride, lithium chloride, potassium sulfate,
potassium phosphates, sodium carbonate, sodium sulfite,
lithium sulfate, potassium chloride, and sodium sulfate; sug-
ars, such as dextrose, fructose, glucose, inositol, lactose, mal-
tose, mannitol, raffinose, sorbitol, sucrose, trehalose, and
xylitol; organic acids, such as ascorbic acid, benzoic acid,
fumaric acid, citric acid, maleic acid, sebacic acid, sorbic
acid, adipic acid, edetic acid, glutamic acid, p-toluene-
sulfonic acid, succinic acid, and tartaric acid; urea; and mix-
tures thereof.

Osmotic agents of different dissolution rates can be
employed to influence how rapidly the active ingredient(s) is
initially delivered from the dosage form. For example, amor-
phous sugars, such as MANNOGEM™ EZ (SPI Pharma,
Lewes, Del.) can be used to provide faster delivery during the
first couple of hours to promptly produce the desired thera-
peutic effect, and gradually and continually release of the
remaining amount to maintain the desired level of therapeutic
or prophylactic effect over an extended period of time. In this
case, the active ingredient(s) is released at such a rate to
replace the amount of the active ingredient metabolized and
excreted.

The core can also include a wide variety of other excipients
and carriers as described herein to enhance the performance
of the dosage form or to promote stability or processing.

Materials useful in forming the semipermeable membrane
include various grades of acrylics, vinyls, ethers, polyamides,
polyesters, and cellulosic derivatives that are water-perme-
able and water-insoluble at physiologically relevant pHs, or
are susceptible to being rendered water-insoluble by chemi-
cal alteration, such as crosslinking. Examples of suitable
polymers useful in forming the coating, include plasticized,
unplasticized, and reinforced cellulose acetate (CA), cellu-
lose diacetate, cellulose triacetate, CA propionate, cellulose
nitrate, cellulose acetate butyrate (CAB), CA ethyl carbam-
ate, CAP, CA methyl carbamate, CA succinate, cellulose
acetate trimellitate (CAT), CA dimethylaminoacetate, CA
ethyl carbonate, CA chloroacetate, CA ethyl oxalate, CA
methyl sulfonate, CA butyl sulfonate, CA p-toluene sul-
fonate, agar acetate, amylose triacetate, beta glucan acetate,
beta glucan triacetate, acetaldehyde dimethyl acetate, triac-
etate of locust bean gum, hydroxylated ethylene-vinylacetate,
EC, PEG, PPG, PEG/PPG copolymers, PVP, HEC, HPC,
CMC, CMEC, HPMC, HPMCP, HPMCAS, HPMCAT, poly
(acrylic) acids and esters and poly-(methacrylic) acids and
esters and copolymers thereof, starch, dextran, dextrin, chi-
tosan, collagen, gelatin, polyalkenes, polyethers, polysul-
fones, polyethersulfones, polystyrenes, polyvinyl halides,
polyvinyl esters and ethers, natural waxes, and synthetic
waxes.

Semipermeable membrane can also be a hydrophobic
microporous membrane, wherein the pores are substantially
filled with a gas and are not wetted by the aqueous medium
but are permeable to water vapor, as disclosed in U.S. Pat. No.
5,798,119. Such hydrophobic but water-vapor permeable
membrane are typically composed of hydrophobic polymers
such as polyalkenes, polyethylene, polypropylene, polytet-
rafluoroethylene, polyacrylic acid derivatives, polyethers,
polysulfones, polyethersulfones, polystyrenes, polyvinyl
halides, polyvinylidene fluoride, polyvinyl esters and ethers,
natural waxes, and synthetic waxes.

The delivery port(s) on the semipermeable membrane can
be formed post-coating by mechanical or laser drilling. Deliv-
ery port(s) can also be formed in situ by erosion of a plug of
water-soluble material or by rupture of a thinner portion of the
membrane over an indentation in the core. In addition, deliv-
ery ports can be formed during coating process, as in the case
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of asymmetric membrane coatings of the type disclosed in
U.S. Pat. Nos. 5,612,059 and 5,698,220.

The total amount of the active ingredient(s) released and
the release rate can substantially by modulated via the thick-
ness and porosity of the semipermeable membrane, the com-
position of the core, and the number, size, and position of the
delivery ports.

The pharmaceutical compositions in an osmotic con-
trolled-release dosage form can further comprise additional
conventional excipients or carriers as described herein to
promote performance or processing of the formulation.

The osmotic controlled-release dosage forms can be pre-
pared according to conventional methods and techniques
known to those skilled in the art (see, Remington: The Science
and Practice of Pharmacy, supra; Santus and Baker, J. Con-
trolled Release 1995, 35, 1-21; Verma et al., Drug Develop-
ment and Industrial Pharmacy 2000, 26, 695-708; Verma et
al., J. Controlled Release 2002, 79, 7-27).

In certain embodiments, the pharmaceutical compositions
provided herein are formulated as AMT controlled-release
dosage form, which comprises an asymmetric osmotic mem-
brane that coats a core comprising the active ingredient(s) and
other pharmaceutically acceptable excipients or carriers. See,
U.S. Pat. No. 5,612,059 and WO 2002/17918. The AMT
controlled-release dosage forms can be prepared according to
conventional methods and techniques known to those skilled
in the art, including direct compression, dry granulation, wet
granulation, and a dip-coating method.

In certain embodiments, the pharmaceutical compositions
provided herein are formulated as ESC controlled-release
dosage form, which comprises an osmotic membrane that
coats a core comprising the active ingredient(s), a hydroxyl-
ethyl cellulose, and other pharmaceutically acceptable
excipients or carriers.

3. Multiparticulate Controlled Release Devices

The pharmaceutical compositions provided herein in a
modified release dosage form can be fabricated as a multipar-
ticulate controlled release device, which comprises a multi-
plicity of particles, granules, or pellets, ranging from about 10
um to about 3 mm, about 50 pm to about 2.5 mm, or from
about 100 um to about 1 mm in diameter. Such multiparticu-
lates can be made by the processes known to those skilled in
the art, including wet- and dry-granulation, extrusion/spher-
onization, roller-compaction, melt-congealing, and by spray-
coating seed cores. See, for example, Multiparticulate Oral
Drug Delivery; Marcel Dekker: 1994; and Pharmaceutical
Pelletization Technology; Marcel Dekker: 1989.

Other excipients or carriers as described herein can be
blended with the pharmaceutical compositions to aid in pro-
cessing and forming the multiparticulates. The resulting par-
ticles can themselves constitute the multiparticulate device or
can be coated by various film-forming materials, such as
enteric polymers, water-swellable, and water-soluble poly-
mers. The multiparticulates can be further processed as a
capsule or a tablet.

4. Targeted Delivery

The pharmaceutical compositions provided herein can also
be formulated to be targeted to a particular tissue, receptor, or
other area of the body of the subject to be treated, including
liposome-, resealed erythrocyte-, and antibody-based deliv-
ery systems. Examples include, but are not limited to, those
disclosed in U.S. Pat. Nos. 6,316,652; 6,274,552, 6,271,359,
6,253,872; 6,139,865; 6,131,570, 6,120,751; 6,071,495,
6,060,082; 6,048,736; 6,039,975; 6,004,534; 5,985,307,
5,972,366, 5,900,252; 5,840,674; 5,759,542; and 5,709,874.
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Methods of Use

In one embodiment, provided herein is a method of treat-
ing, preventing, or managing a pseudotumor in a subject,
comprising administering to the subject a therapeutically
effective amount of vitamin C, or a pharmaceutically accept-
able salt, solvate, or hydrate thereof, in combination with
vitamin K, or a single enantiomer, a mixture of enantiomers,
or a mixture of diastereomers thereof, or a pharmaceutically
acceptable salt, solvate, or hydrate thereof. In certain embodi-
ments, the pseudotumor is polycystic kidney disease. In cer-
tain embodiments, the pseudotumor is polycystic liver dis-
ease. In certain embodiments, the pseudotumor is aseptic
osteolysis.

In one embodiment, provided herein is a method of treat-
ing, preventing, or managing osteolysis in a subject, compris-
ing administering to the subject a therapeutically effective
amount of vitamin C, or a pharmaceutically acceptable salt,
solvate, or hydrate thereof, in combination with vitamin K, or
a single enantiomer, a mixture of enantiomers, or a mixture of
diastereomers thereof, or a pharmaceutically acceptable salt,
solvate, or hydrate thereof. In one embodiment, the osteolysis
is aseptic osteolysis. In another embodiment, the osteolysis is
caused by inflammation. In yet another embodiment, the
osteolysis is caused by a prosthetic implant in the subject. In
yet another embodiment, the osteolysis is caused by particu-
late debris from the prosthetic implant in the subject. In
certain embodiments, the combination of vitamins C and K
has a synergetic effect in treating, preventing, or managing
osteolysis when compared to the administration of vitamin C
or K alone. In certain embodiments, the combination of vita-
min C (in one embodiment, sodium or magnesium L.-ascor-
bate) and vitamin K; (in one embodiment, sodium 1,2,3,4-
tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate) has
a synergetic effect in treating, preventing, or managing
osteolysis when compared to the administration of vitamin C
or K; alone.

Without being limited by any theory, a synergistic effect of
the combination of vitamins C and K permits the use of lower
dosages of vitamin C and/or K, and/or less frequent admin-
istration of the combination to a subject with a condition,
disorder, or disease. The ability to utilize lower dosages of the
combination (e.g., a prophylactic or therapeutic agent) and/or
to administer the combination less frequently reduces the
toxicity associated with the administration of the combina-
tion to a subject without reducing the efficacy of the combi-
nation in the prevention or treatment of a condition, disorder,
or disease. In addition, a synergistic effect can result in
improved efficacy of vitamin C and/or K in the prevention or
treatment of a condition, disorder, or disease. Furthermore, a
synergistic effect of the combination may avoid or reduce
adverse or unwanted side effects associated with the use of
either vitamin C or K alone.

In another embodiment, provided herein is a method of
treating, preventing, or managing inflammation associated
with a prosthetic implant in a subject, comprising adminis-
tering to the subject a therapeutically effective amount of
vitamin C, or a pharmaceutically acceptable salt, solvate, or
hydrate thereof, in combination with vitamin K, or a single
enantiomer, a mixture of enantiomers, or a mixture of dias-
tereomers thereof, or a pharmaceutically acceptable salt, sol-
vate, or hydrate thereof. In one embodiment, the inflamma-
tion is associated with particulate debris from the prosthetic
implant in the subject. In certain embodiments, the combina-
tion of vitamins C and K has a synergetic effect in treating,
preventing, or managing inflammation associated with the
prosthetic implant when compared to the administration of
vitamin C or K alone. In certain embodiments, the combina-
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tion of vitamin C (in one embodiment, sodium or magnesium
L-ascorbate) and vitamin K, (in one embodiment, sodium
1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalene-
sulfonate) has a synergetic effect in treating, preventing, or
managing inflammation associated with a prosthetic implant
when compared to the administration of vitamin C or K;
alone.

In yet another embodiment, provided herein is a method of
treating joint disorder in a subject, which comprises surgi-
cally replacing the hip or joint of the subject, and chronically
administering to the subject a therapeutically effective
amount of vitamin C, or a pharmaceutically acceptable salt,
solvate, or hydrate thereof, in combination with vitamin K, or
a single enantiomer, a mixture of enantiomers, or a mixture of
diastereomers thereof, or a pharmaceutically acceptable salt,
solvate, or hydrate thereof.

In yet another embodiment, provided herein is a method of
treating, preventing, or managing inflammation caused by a
prosthetic implant in a subject, comprising administering to
the subject a therapeutically effective amount of vitamin C, or
a pharmaceutically acceptable salt, solvate, or hydrate
thereof, in combination with vitamin K, or a single enanti-
omer, a mixture of enantiomers, or a mixture of diastereomers
thereof, or a pharmaceutically acceptable salt, solvate, or
hydrate thereof. In one embodiment, the inflammation is
caused by particulate debris from the prosthetic implant in the
subject. In certain embodiments, the combination of vitamins
C and K has a synergetic effect in treating, preventing, or
managing inflammation caused by the prosthetic implant
when compared to the administration of vitamin C or K alone.
In certain embodiments, the combination of vitamin C (in one
embodiment, sodium or magnesium [.-ascorbate) and vita-
min K; (in one embodiment, sodium 1,2,3,4-tetrahydro-2-
methyl-1,4-dioxo-2-naphthalenesulfonate) has a synergetic
effect in treating, preventing, or managing inflammation
caused by a prosthetic implant when compared to the admin-
istration of vitamin C or K; alone.

In yet another embodiment, provided herein is a method of
increasing the functional life of a prosthetic implant in a
subject, comprising administering to the subject a therapeu-
tically effective amount of vitamin C, or a pharmaceutically
acceptable salt, solvate, or hydrate thereof, in combination
with vitamin K, or a single enantiomer, a mixture of enanti-
omers, or a mixture of diastereomers thereof, or a pharma-
ceutically acceptable salt, solvate, or hydrate thereof. In cer-
tain embodiments, the combination of vitamins C and K has
a synergetic effect in increasing the functional life of the
prosthetic implant when compared to the administration of
vitamin C or K alone. In certain embodiments, the combina-
tion of vitamin C (in one embodiment, sodium or magnesium
L-ascorbate) and vitamin K; (in one embodiment, sodium
1,2,3,4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalene-
sulfonate) has a synergetic effect in increasing the functional
life of the prosthetic implant when compared to the adminis-
tration of vitamin C or K; alone.

In still another embodiment, provided herein is a method of
treating, preventing, or managing NFkB-mediated condition,
disorder, or disease caused by a prosthetic implant in a sub-
ject, comprising administering to the subject a therapeutically
effective amount of vitamin C, or a pharmaceutically accept-
able salt, solvate, or hydrate thereof, in combination with
vitamin K, or a single enantiomer, a mixture of enantiomers,
or a mixture of diastereomers thereof, or a pharmaceutically
acceptable salt, solvate, or hydrate thereof. In certain embodi-
ments, the method of treating, preventing, or managing
NFkB-mediated condition, disorder, or disease is caused by
particulate debris from a prosthetic implant in the subject. In
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certain embodiments, the combination of vitamins C and K
has a synergetic effect in treating, preventing, or managing
NFkB-mediated condition, disorder, or disease in a subject
when compared to the administration of vitamin C or K alone.
Incertain embodiments, the combination of vitamin C (in one
embodiment, sodium or magnesium [.-ascorbate) and vita-
min K; (in one embodiment, sodium 1,2,3,4-tetrahydro-2-
methyl-1,4-dioxo-2-naphthalenesulfonate) has a synergetic
effect in treating, preventing, or managing NFkB-mediated
condition, disorder, or disease in a subject when compared to
the administration of vitamin C or K; alone.

In one embodiment, the NFkB-mediated condition, disor-
der, or disease is inflammation. In another embodiment, the
NFkB-mediated condition, disorder, or disease is osteolysis.
In yet another embodiment, the NFkB-mediated condition,
disorder, or disease is aseptic osteolysis. In yet another
embodiment, the NFkB-mediated condition, disorder, or dis-
ease is osteolysis caused by inflammation.

Vitamin C and/or K as used in the methods provided herein
can be delivered as a single dose such as, e.g., a single bolus
injection, or as a single oral tablet or pill.

In one embodiment, vitamins C and K as used in the meth-
ods provided herein are formulated in a single unit dosage
form. In another embodiment, vitamins C and K are each
formulated separately in its own single unit dosage form. In
one embodiment, vitamins C and K are formulated in a phar-
maceutical composition as discussed herein.

In certain embodiments, vitamin C and/or K as used in the
methods provided herein can be administered over time, such
as, e.g., continuous infusion over time or divided bolus doses
over time.

Vitamin C and/or K as used in the methods provided herein
can be administered once daily (QD), or divided into multiple
daily doses such as twice daily (BID), three times daily (TID),
four times daily (QID), five times daily, six times daily, seven
times daily, eight times daily, nine times daily, or ten times
daily. In addition, the administration can be continuous, i.e.,
every day, or intermittently. The term “intermittent” or “inter-
mittently” as used herein is intended to mean stopping and
starting at either regular or irregular intervals. For example,
intermittent administration of the compound provided herein
is administration for one to six days per week, administration
in cycles (e.g., daily administration for two to eight consecu-
tive weeks, then a rest period with no administration for up to
one week), or administration on alternate days.

In certain embodiments, vitamin C and/or K as used in the
methods provided herein is administered from about 1 to
about 20 times a day, from about 1 to about 15 times a day,
from about 1 to about 10 times a day, or from about 1 to about
5 times a day. In certain embodiments, vitamin C and/or K as
used in the methods provided herein is administered every 1
to 10 hour(s), every 2 to 8 hours, every 3 to 7 hours, every 4 to
6 hours, or every 5 to 6 hours. In certain embodiments, vita-
min C and/or K in the methods provided herein is adminis-
tered every hour, every 2 hours, every 3 hours, every 4 hours,
every 5 hours, every 6 hours, every 7 hours, every 8 hours,
every 9 hours, or every 10 hours. In certain embodiments,
vitamin C and/or K as used in the methods provided herein is
administered once a day. In certain embodiments, vitamin C
and/or K as used in the methods provided herein is adminis-
tered 5 times a day. In certain embodiments, vitamin C and/or
K as used in the methods provided herein is administered 10
times a day. In certain embodiments, vitamin C and/or K as
used in the methods provided herein is administered every 4,
5, or 6 hours.

In certain embodiments, vitamin C as used in the methods
provided herein is administered to the subject in the amount
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ranging from about 1 to about 1,000 mg/kg/day, from about 5
to about 500 mg/kg/day, or from about 10 to about 100 mg/kg/
day. In certain embodiments, vitamin C as used in the meth-
ods provided herein is administered to the subject in the
amount of about 10 mg/kg/day, about 20 mg/kg/day, about 30
mg/kg/day, about 40 mg/kg/day, about 50 mg/kg/day, about
60 mg/kg/day, about 70 mg/kg/day, about 80 mg/kg/day,
about 90 mg/kg/day, about 100 mg/kg/day, about 200 mg/kg/
day, about 300 mg/kg/day, about 400 mg/kg/day, or about 500
mg/kg/day.

In certain embodiments, vitamin K as used in the methods
provided herein is administered to the subject in the amount
ranging from about 0.01 to about 50 mg/kg/day, from about
0.015 to about 50 mg/kg/day, from about 0.05 to about 40
mg/kg/day, from about 0.2 to about 30 mg/kg/day, or from
about 10 to about 30 mg/kg/day. In certain embodiments,
vitamin K as used in the methods provided herein is admin-
istered to the subject in the amount of about 0.015 mg/kg/day,
about 5 mg/kg/day, about 25 mg/kg/day, or about 30 mg/kg/
day.

The administered dose of vitamin C and/or K can also be
expressed in units other than the unit “mg/kg/day” or “g/kg/
day.” For example, doses for parenteral administration can be
expressed as mg/m*/day. One of ordinary skill in the art
would readily know how to convert doses from mg/kg/day to
mg/m?/day to given either the height or weight of a subject or
both (See, www.fda.gov/cder/cancer/animalframe.htm).

In certain embodiments, vitamin C as used in the methods
provided herein is administered to the subject in the amount
ranging from about 0.1 g to about 3 g every four hours. In
certain embodiments, vitamin K as used in the methods pro-
vided herein is administered to the subject in the amount
ranging from about 0.2 mg to about 300 mg given every four
hours.

In certain embodiments, vitamin C as used in the methods
provided herein is administered to the subject in the amount
ranging from about 500 mg to about 3,000 mg a day. In certain
embodiments, vitamin K as used in the methods provided
herein is administered to the subject in the amount ranging
from about 3 mg to about 30 mg a day. In certain embodi-
ments, vitamin C as used in the methods provided herein is
administered to the subject in the amount ranging from about
2,000 mg to about 3,000 mg a day; and vitamin K is admin-
istered to the subject in the amount ranging from about 12 mg
to about 19 mg a day. In certain embodiments, vitamin C as
used in the methods provided herein is administered to the
subject in the amount ranging from about 2,000 mg to about
3,000 mg a day; and vitamin K is administered to the subject
in the amount ranging from about 20 mg to about 30 mg a day.

In certain embodiments, vitamin C as used in the methods
provided herein is administered to the subject in the amount
of'about 2,000 mg a day; and vitamin K is administered to the
subject in the amount of about 12 mga day. In certain embodi-
ments, vitamin C as used in the methods provided herein is
administered to the subject in the amount of about 3,000 mg
a day; and vitamin K is administered to the subject in the
amount of about 19 mg a day.

In certain embodiments, vitamin C as used in the methods
provided herein is administered to the subject in the amount
of'about 2,000 mg a day; and vitamin K is administered to the
subject in the amount of about 20 mg a day. In certain embodi-
ments, vitamin C as used in the methods provided herein is
administered to the subject in the amount of about 3,000 mg
a day; and vitamin K is administered to the subject in the
amount of about 30 mg a day.

In certain embodiments, vitamins C and K are adminis-
tered as one or more capsules, each comprising about 500 mg
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of sodium L-ascorbate and about 3 mg of sodium 1,2,3,4-
tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate.

In certain embodiments, vitamins C and K are adminis-
tered as one or more capsules, each comprising about 500 mg
of sodium L-ascorbate and about 5 mg of sodium 1,2,3,4-
tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate.

Depending on the condition, disorder, or disease to be
treated and the subject’s condition, vitamin C and/or K in the
methods provided herein can be administered by oral,
parenteral (e.g., intramuscular, intraperitoneal, intravenous,
CIV, intracistemal injection or infusion, subcutaneous injec-
tion, or implant), inhalation, nasal, vaginal, rectal, sublingual,
ortopical (e.g., transdermal or local) routes of administration.
Vitamin C and/or K in the methods provided herein may be
formulated, alone or together, in suitable dosage unit with
pharmaceutically acceptable excipients, carriers, adjuvants
and vehicles, appropriate for each route of administration.

In one embodiment, vitamin C is administered orally. In
another embodiment, vitamin C is administered parenterally.
In yet another embodiment, vitamin C is administered intra-
venously.

In one embodiment, vitamin K is administered orally. In
another embodiment, vitamin K is administered parenterally.
In yet another embodiment, vitamin K is administered intra-
venously.

The routes of administration of vitamins C and K can be the
same or different. In certain embodiments, both vitamins C
and K are administered orally.

In one embodiment, vitamin C is administered concur-
rently with vitamin K. In another embodiment, vitamin C is
administered separately with vitamin K. In yet another
embodiment, vitamin C is administered sequentially with
vitamin K. In yet another embodiment, vitamin C is admin-
istered before vitamin K. In yet another embodiment, vitamin
C is administered after vitamin K. Each of the above is
encompassed within the term of “in combination with.”

In certain embodiments, a combination of 1,000 mg of
vitamin C and 10 mg of vitamin K; is administered to the
subject twice a day (2,000 mg of vitamin C and 20 mg of
vitamin K, per day). In certain embodiments, a combination
0t 1,000 mg of vitamin C and 10 mg of vitamin K; is admin-
istered to the subject twice a day for 13 weeks.

In certain embodiments, a combination of 1,000 mg of
vitamin C and 6.2 mg of vitamin K; is administered to the
subject twice a day (2,000 mg of vitamin C and 12.4 mg of
vitamin K; per day). In certain embodiments, a combination
011,000 mg of vitamin C and 6.2 mg of vitamin K, is admin-
istered to the subject twice a day for 13 weeks.

In certain embodiments, a daily dose of 5,000 mg of vita-
min C and 50 mg of vitamin K is administered to the subject.

In certain embodiments, vitamin C and vitamin K; are
administered at the levels of 5 g/m*/day and 50 mg/m?*/day,
respectively. In certain embodiments, vitamin C and vitamin
K, are administered at the levels of 5 g/m?*/day and 50 mg/m?/
day, respectively, for 7 days.

In certain embodiments, a combination of vitamin C and
vitamin K; is administered to the subject after mealtime.

In certain embodiments, the prosthetic particulate debris
comprises micrometer, submicrometer, or nanometer par-
ticles. In certain embodiments, the prosthetic particulate
debris contains polymers. In certain embodiments, the pros-
thetic particulate debris contains polyethylene. In certain
embodiments, the prosthetic particulate debris contains con-
ventional ultrahigh molecular weight polyethylene (UHM-
WPE) or highly crosslinked polyethylene (XLPE). In certain
embodiments, the prosthetic particulate debris contains
ceramic, alumina, or zirconia. In certain embodiments, the
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prosthetic particulate debris contains metal. In certain
embodiments, the prosthetic particulate debris contains
cobalt (Co), chromium (Cr), molybdenum (Mo), manganese
(Mn), titanium (T1), aluminum (Al), vanadium (V), iron (Fe),
nickel (Ni), indium (In), tantalum (Ta), zirconium (Zr), nio-
bium (Nb), or a mixture thereof, which is to include different
surface stoichiometric compositions. In certain embodi-
ments, the prosthetic particulate debris comprises Co, Cr, and
Mo.

In certain embodiments, the surface of the prosthetic par-
ticulate debris contains polymers. In certain embodiments,
the surface of the prosthetic particulate debris contains poly-
ethylene. In certain embodiments, the surface of the pros-
thetic particulate debris contains conventional ultrahigh
molecular weight polyethylene (UHMWPE) or highly
crosslinked polyethylene (XLPE). In certain embodiments,
the surface of the prosthetic particulate debris contains metal.
In certain embodiments, the surface of the prosthetic particu-
late debris contains cobalt (Co), chromium (Cr), molybde-
num (Mo), manganese (Mn), titanium (T1), aluminum (Al),
vanadium (V), iron (Fe), nickel (Ni), indium (In), tantalum
(Ta), zirconium (Zr), niobium (Nb), or a mixture thereof,
which is to include different surface stoichiometric composi-
tions. In certain embodiments, the surface of the prosthetic
particulate debris comprises Co, Cr, and Mo.

In certain embodiments, the subject is a mammal. In cer-
tain embodiments, the mammal is a human.

The methods provided herein encompass treating a subject
regardless of patient’s age, although some conditions, dis-
eases, or disorders are more common in certain age groups. In
certain embodiments, the subject is amale. In certain embodi-
ments, the subject is a female. In certain embodiments, the
subject is an elderly. Elderly men and women are further
defined below.

In certain embodiments, the subject is a human with an age
of'no less than about 20 years, no less than about 30 years, no
less than about 40 years, no less than about 45 years, no less
than about 50 years, no less than about 55 years, no less than
about 60 years, no less than about 65 years, no less than about
70 years, or no less than about 80 years. In certain embodi-
ments, the subject is a human with an age of above about 60,
above about 65, above about 70, or above about 75. In certain
embodiments, the subject is a human with an age ranging
from about 20 to about 30 years, from about 30 to about 40
years, from about 40 to about 50 years, from about 50 to about
60 years, from about 60 to about 70 years, or from about 70 to
about 80 years. In certain embodiments, the subject is a
human with an age ranging from about 20 to about 110 years,
from about 30 to about 100 years, from about 40 to about 100
years, from about 50 to about 100 years, from about 50 to
about 95 years, from about 50 to about 90 years, or from about
50 to about 85 years.

In certain embodiments, the subject has osteopenia. In
certain embodiments, the subject has osteoporosis. In certain
embodiments, the subject has osteoarthritis. In certain
embodiments, the subject has rheumatoid arthritis. In certain
embodiments, the subject has a cancerous joint or bone dis-
ease. In certain embodiments, the subject has hormonal or
drug induced bone loss. In certain embodiments, the subject
has loss of bone mass (density) due to zero gravity conditions
(space travel).

In certain embodiments, the subject has a prosthetic
implant. In certain embodiments, the subject does not have a
prosthetic implant. Examples of prosthetic implants include,
but are not limited to, prosthetic hip, knee, shoulder, elbow,
wrist, ankle, the small bones of the wrist, thumb, hand, foot,
and temparomandibular joints, and intervertebral disk joint of
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the spine replacement. In one embodiment, the prosthetic
implant is prosthetic hip replacement. In another embodi-
ment, the prosthetic implant is prosthetic knee replacement.
In yet another embodiment, the prosthetic implant is pros-
thetic shoulder replacement. In certain embodiments, the sub-
ject has predisposition for metal sensitivity/hypersensitivity
reaction.

In certain embodiments, the subject is treated with at least
one of the methods provided herein before prosthetic implant
operation. In certain embodiments, the subject is treated with
at least one of the methods provided herein during prosthetic
implant operation. In certain embodiments, the subject is
treated with at least one of the methods provided herein after
prosthetic implant operation. In certain embodiments, the
subject is treated as maintenance therapy after surgery with at
least one of the methods provided herein. In certain embodi-
ments, the subject is treated immediately after surgery with at
least one of the methods provided herein. In certain embodi-
ments, the subject is treated regularly, e.g. chronically,
including for about 1 year, about 2 years, about 3 years, about
4 years, or more than 4 years after surgery with at least one of
the methods provided herein.

In certain embodiments, the subject to be treated with one
of'the methods provided herein has not been treated with any
of the methods provided herein. In certain embodiments, the
subject to be treated with one of the methods provided herein
has been treated with one of the methods provided herein.

The combination regimen can be administered repetitively
if necessary, for example, until the patient experiences stable
disease or regression, or until the patient experiences disease
progression or unacceptable toxicity. Stable disease or lack
thereof is determined by methods known in the art such as
evaluation of patient symptoms, physical examination, visu-
alization of the site of the prosthetic implant that has been
imaged using X-ray, CAT, PET, MRI scan, or analyses of
patient’s blood (venous puncture) or synovial fluid aspiration.

In certain embodiments, the combination regimen is for
acute use or short term use, e.g., during the period of the onset
of the condition, disorder, or disease described herein. In
certain embodiments, the combination regimen is for chronic
use or long term use, e.g., before, after, and during the period
of the onset of the condition, disorder, or disease described
herein.

In certain embodiments, the combination regimen is
administered to the subject over an extended period of time,
ranging from about 1 day to about 50 years, from about 10
days to about 25 years, from about 1 month to about 10 years,
from about 6 months to about 5 years. In certain embodi-
ments, the combination regimen is administered to the subject
for about 12 weeks. In certain embodiments, the combination
regimen is administered to the subject for about 6 months. In
certain embodiments, the combination regimen is adminis-
tered to the subject for about 1 year. In certain embodiments,
the combination regimen is administered to the subject for
about 2 years.

In certain embodiments, the combination regimen is cycli-
cally administered to the subject. Cycling therapy involves
the administration of the combination regimen provided
herein for a period of time, followed by a rest for a period of
time, and repeating this sequential administration.

As used herein, the term “combination regimen” includes
the use of more than one therapies (e.g., one or more prophy-
lactic and/or therapeutic agents). However, the use ofthe term
“combination regimen” does not restrict the order in which
therapies (e.g., prophylactic and/or therapeutic agents) are
administered to the subject. A first therapy (e.g., a prophylac-
tic or therapeutic agent such as vitamin C provided herein)
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can be administered prior to (e.g., 5 minutes, 15 minutes, 30
minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12
hours, 24 hours, 48 hours, 72 hours, 96 hours, 1 week, 2
weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12
weeks before), concomitantly with, or subsequent to (e.g., 5
minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours,
4 hours, 6 hours, 12 hours, 24 hours, 48 hours, 72 hours, 96
hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks,
8 weeks, or 12 weeks after) the administration of a second
therapy (e.g., a prophylactic or therapeutic agent such as
vitamin K) to the subject.

The methods provided herein may further comprise admin-
istering an additional therapeutic agent useful in the treatment
and/or prevention of a condition, disorder, or disease
described herein.

In triple therapy, effective dosages of therapeutic agents
can be administered together, alternatively, or sequentially.
The dosages given will depend on absorption, inactivation,
and excretion rates of the therapeutic agents as well as other
factors known to those of skill in the art. It is to be noted that
dosage values will also vary with the severity of the condition
to be alleviated. It is to be further understood that for any
particular subject, specific dosage regimens and schedules
should be adjusted over time according to the individual need
and the professional judgment of the person administering or
supervising the administration of the compositions.

Examples of the additional therapeutic agent include, but
are not limited to, anti-atherosclerotic agents, such as ACAT
inhibitors; antibiotics, such as anthracyclines, bleomycins,
mitomycin, dactinomycin, and plicamycin; anticoagulants,
such as acenocoumarol, argatroban, bivalirudin, lepirudin,
fondaparinux, heparin, phenindione, warfarin, and ximela-
gatran; antifungal agents, such as amorolfine, amphotericin
B, anidulafungin, bifonazole, butenafine, butoconazole,
caspofungin, ciclopirox, clotrimazole, econazole, fenticona-
zole, filipin, fluconazole, isoconazole, itraconazole, keto-
conazole, micafungin, miconazole, naftifine, natamycin, nys-
tatin, oxyconazole, ravuconazole, posaconazole, rimocidin,
sertaconazole, sulconazole, terbinafine, terconazole, tiocona-
zole, and voriconazole; antiinflammatories, e.g., non-steroi-
dal anti-inflammatory agents, such as aceclofenac, acemeta-
cin, amoxiprin, aspirin, azapropazone, benorilate,
bromfenac, carprofen, celecoxib, choline magnesium salicy-
late, diclofenac, diflunisal, etodolac, etoricoxib, faislamine,
fenbufen, fenoprofen, flurbiprofen, ibuprofen, indometacin,
indomethacin, ketoprofen, ketorolac, lornoxicam, loxopro-
fen, lumiracoxib, meclofenamic acid, mefenamic acid,
meloxicam, metamizole, methyl salicylate, magnesium sali-
cylate, nabumetone, naproxen, nimesulide, oxyphenbuta-
zone, parecoxib, phenylbutazone, piroxicam, salicyl salicy-
late, sulindac, sulfinpyrazone, suprofen, tenoxicam,
tiaprofenic acid, and tolmetin; anti-platelet agents, such as
GPIIb/Illa blockers (e.g., abciximab, eptifibatide, and
tirofiban), P2Y(AC) antagonists (e.g., clopidogrel, ticlopi-
dine and CS-747), cilostazol, dipyridamole, and aspirin; anti-
proliferatives, such as methotrexate, FK506 (tacrolimus), and
mycophenolate mofetil; anti-TNF antibodies or soluble TNF
receptor, such as etanercept, rapamycin, and leflunimide; aP2
inhibitors; beta-adrenergic agents, such as carvedilol and
metoprolol; bile acid sequestrants, such as questran; calcium
channel blockers, such as amlodipine besylate; chemothera-
peutic agents; bisphosphonates, such as alendronate, risendr-
onate, ibandtonate, pamidronate, and etidronate; cyclooxy-
genase-2 (COX-2) inhibitors, such as celecoxib and
rofecoxib; cyclosporins; cytotoxic drugs, such as azathio-
prine and cyclophosphamide; diuretics, such as chlorothiaz-
ide, hydrochlorothiazide, flumethiazide, hydroflumethiazide,
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bendroflumethiazide, methylchlorothiazide, trichloromethi-
azide, polythiazide, benzothiazide, ethacrynic acid, tic-
rynafen, chlorthalidone, furosenide, muzolimine, bumet-
anide, triamterene, amiloride, and spironolactone; endothelin
converting enzyme (ECE) inhibitors, such as phosphorami-
don; enzymes, such as L-asparaginase; Factor VIla Inhibitors
and Factor Xa Inhibitors; farnesyl-protein transferase inhibi-
tors; fibrates; growth factor inhibitors, such as modulators of
PDGF activity; growth hormone secretagogues; HMG CoA
reductase inhibitors, such as pravastatin, lovastatin, atorvas-
tatin, simvastatin, NK-104 (a.k.a. itavastatin, nisvastatin, or
nisbastatin), and ZD-4522 (also known as rosuvastatin, atav-
astatin, or visastatin); neutral endopeptidase (NEP) inhibi-
tors; hormonal agents, such as glucocorticoids (e.g., hydro-
cortisone and cortisone), estrogens/antiestrogens, androgens/
antiandrogens, progestins, and luteinizing hormone-
releasing hormone antagonists, and octreotide acetate;
immunosuppressants; mineralocorticoid receptor antago-
nists, such as spironolactone and eplerenone; microtubule-
disruptor agents, such as ecteinascidins; microtubule-stabi-
lizing agents, such as pacitaxel, docetaxel, and epothilones
A-F; MTP Inhibitors; niacin; phosphodiesterase inhibitors,
such as PDE Il inhibitors (e.g., cilostazol) and PDE V inhibi-
tors (e.g., sildenafil, tadalafil, and vardenafil); plant-derived
products, such as vinca alkaloids, epipodophyllotoxins, and
taxanes; platelet activating factor (PAF) antagonists; plati-
num coordination complexes, such as cisplatin, satraplatin,
and carboplatin; potassium channel openers; prenyl-protein
transferase inhibitors; protein tyrosine kinase inhibitors; pro-
tein serine/threonine inhibitors; renin inhibitors; squalene
synthetase inhibitors; steroids, such as aldosterone, beclom-
etasone, betamethasone, deoxycorticosterone acetate, fludro-
cortisone, hydrocortisone (cortisol), prednisolone, pred-
nisone, methylprednisolone, dexamethasone, and
triamcinolone; TNF-alpha inhibitors, such as tenidap; throm-
bin inhibitors, such as hirudin; thrombolytic agents, such as
anistreplase, reteplase, tenecteplase, tissue plasminogen acti-
vator (tPA), recombinant tPA, streptokinase, urokinase,
prourokinase, and anisoylated plasminogen streptokinase
activator complex (APSAC); thromboxane receptor antago-
nists, such as ifetroban; topoisomerase inhibitors; vasopepti-
dase inhibitors (dual NEP-ACE inhibitors), such as omapat-
rilat and gemopatrilat; and other miscellaneous agents, such
as, hydroxyurea, procarbazine, mitotane, hexameth-
ylmelamine, and gold compounds.

In one embodiment, provided herein is a method of reduc-
ing NFkB production in a cell exposed to prosthetic particu-
late debris, comprising contacting the cell with a therapeuti-
cally effective amount of vitamin C, or a pharmaceutically
acceptable salt, solvate, or hydrate thereof, in combination
with vitamin K, or a single enantiomer, a mixture of enanti-
omers, or a mixture of diastereomers thereof, or a pharma-
ceutically acceptable salt, solvate, or hydrate thereof. In cer-
tain embodiments, the combination of vitamins C and K has
a synergetic effect in reducing NFkB production when com-
pared to the administration of vitamin C or K alone.

In another embodiment, provided herein is a method of
reducing a cytokine level in a cell exposed to prosthetic par-
ticulate debris, comprising contacting the cell with a thera-
peutically effective amount of vitamin C, or a pharmaceuti-
cally acceptable salt, solvate, or hydrate thereof, in
combination with vitamin K, or a single enantiomer, a mix-
ture of enantiomers, or a mixture of diastereomers thereof, or
a pharmaceutically acceptable salt, solvate, or hydrate
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thereof. In certain embodiments, the combination of vitamins
C and K has a synergetic effect in reducing the cytokine level
when compared to the administration of vitamin C or K alone.
In one embodiment, the cytokine is IL-6.

In yet another embodiment, provided herein is a method of
reducing a chemokine level in a cell exposed to prosthetic
particulate debris, comprising contacting the cell with a thera-
peutically effective amount of vitamin C, or a pharmaceuti-
cally acceptable salt, solvate, or hydrate thereof, in combina-
tion with vitamin K, or a single enantiomer, a mixture of
enantiomers, or a mixture of diastereomers thereof, or a phar-
maceutically acceptable salt, solvate, or hydrate thereof. In
certain embodiments, the combination of vitamins C and K
has a synergetic effect in reducing the chemokine level when
compared to the administration of vitamin C or K alone. In
one embodiment, the chemokine is IL-8.

In yet another embodiment, provided herein is a method of
enhancing proliferation of a cell exposed to prosthetic par-
ticulate debris, comprising contacting the cell with a thera-
peutically effective amount of vitamin C, or a pharmaceuti-
cally acceptable salt, solvate, or hydrate thereof, in
combination with vitamin K, or a single enantiomer, a mix-
ture of enantiomers, or a mixture of diastereomers thereof, or
a pharmaceutically acceptable salt, solvate, or hydrate
thereof. In certain embodiments, the combination of vitamins
C and K has a synergetic effect in enhancing cell proliferation
when compared to the administration of vitamin C or K alone.

In certain embodiments, the cell is a mammalian cell. In
certain embodiments, the mammal is a human cell. In certain
embodiments, the cell is a fibroblast. In certain embodiments,
the cell is a human fibroblast. In certain embodiments, the cell
is a synovial fibroblast. In certain embodiments, the cell is a
human synovial fibroblast. In certain embodiments, the cell is
a human macrophage, T lymphocyte, or B lymphocyte.

In certain embodiments, the cell is treated by contacting the
cell with vitamin C, prior to contacting the cell with vitamin
K. In certain embodiments, the cell is treated by contacting
the cell with vitamin C, concurrently with vitamin K. In
certain embodiments, the cell is treated by contacting the cell
with vitamin C, after contacting the cell with vitamin K.

The cell proliferation can be gauged by, e.g., counting the
number of cells contacted with compounds of interest, com-
paring the cell proliferation with otherwise identical cells not
contacted with the compounds. The number of cells, as well
as the size of the cells, can be readily assessed using any
method known in the art (e.g., trypan blue exclusion and cell
counting, 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazo-
lium bromide assay (MTT), and measuring incorporation of
*H-thymidine into nascent DNA in a cell).

The combination regimes provided herein can also be pro-
vided as an article of manufacture using packaging materials
well known to those of'skill in the art. See, e.g., U.S. Pat. Nos.
5,323,907, 5,052,558; and 5,033,252. Examples of pharma-
ceutical packaging materials include, but are not limited to,
blister packs, bottles, tubes, inhalers, pumps, bags, vials,
containers, syringes, and any packaging material suitable for
a selected formulation and intended mode of administration
and treatment.

Provided herein also are kits which, when used by the
medical practitioner, can simplify the administration of
appropriate amounts of active ingredients to a subject. In
certain embodiments, the kit provided herein includes con-
tainers and dosage forms of the compounds in the combina-
tion regimens provided herein.

In certain embodiments, the kit includes a container com-
prising dosage forms of the compounds in the combination
regimens provided herein, in one or more containers.
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Kits provided herein can further include devices that are
used to administer the active ingredients. Examples of such
devices include, but are not limited to, syringes, needle-less
injectors drip bags, patches, and inhalers. The kits provided
herein can also include condoms for administration of the
active ingredients.

Kits provided herein can further include pharmaceutically
acceptable vehicles that can be used to administer one or more
active ingredients. For example, if an active ingredient is
provided in a solid form that must be reconstituted for
parenteral administration, the kit can comprise a sealed con-
tainer of a suitable vehicle in which the active ingredient can
be dissolved to form a particulate-free sterile solution that is
suitable for parenteral administration. Examples of pharma-
ceutically acceptable vehicles include, but are not limited to:
aqueous vehicles, including, but not limited to, Water for
Injection USP, Sodium Chloride Injection, Ringer’s Injec-
tion, Dextrose Injection, Dextrose and Sodium Chloride
Injection, and Lactated Ringer’s Injection; water-miscible
vehicles, including, but not limited to, ethyl alcohol, polyeth-
ylene glycol, and polypropylene glycol; and non-aqueous
vehicles, including, but not limited to, corn oil, cottonseed oil,
peanut oil, sesame oil, ethyl oleate, isopropyl myristate, and
benzyl benzoate.

The disclosure will be further understood by the following
non-limiting examples.

EXAMPLES
Example 1

Effect of Prosthetic Particulate Debris on Human
Synovial Fibroblasts

Two different sources of metallic particulate powders,
CoCrMo-I and CoCrMo-I1, each having a size smaller than
10 um, were used in this example. These powders were
ASTM F75 grade material, which is commonly used in joint
replacement prostheses. Energy dispersive spectroscopy
(ESD) was used to determine the bulk metallic composition,
and X-ray photoelectron spectroscopy (XPS) was used to
determine the surface metallic composition of the particles.
The results are summarized in Table 1. While multiple EDS
area scans identified the bulk metallic compositions of the
powders to resemble the ASTM F75 CoCrMo standard, mul-
tiple XPS survey scans demonstrated that the surface metallic
compositions were different.

Using an experimental protocol approved by the Institu-
tional Review Board Committee on Human Research, a cell
culture study was performed, exposing human synovial fibro-
blasts to CoCrMo-I and CoCrMo-II, in order to assess any
effects the different materials might have on cellular viability.
The cells were harvested from tissue of the knee joint of four
consented human volunteer donors undergoing a total knee
replacement. The harvested tissue was processed as described
(Mostardi et al., J. Biomed. Mater. Res. 1999, 47, 60; and
Mostardi et al., J. Biomed. Mater. Res. 2002, 59, 605), pas-
saging each donor cell line once prior to being transferred to
multiple 25 cm? culture flasks. The fibroblasts in each culture
flask were then allowed to grow to confluency (a single-cell
layer that occupies a give area; 1x10° cells per flask) before
experimental powder exposure.

5

10

15

20

25

30

35

40

45

50

55

60

65

TABLE 1
CoCrMo-I CoCrMo-1I F75 CoCrMo®
EDS® XPS? EDS®  XPS? ASTM Standard
Co 62% 30% 62% 69% 57.4-65%
Cr 34% 30% 32% 28% 27-30%
Mo 3% 5% 4% 3% 5-7%
Si 1% 27% 2% 0% =1%
Mn 0% 8% 0% 0% =1%

“Experimental uncertainty is 2%.
bExperimental uncertainty is <5%.
“Standards as published by the American Society for testing Materials.

Prior to their exposure to the confluent fibroblast cultures,
the CoCrMo-I and CoCrMo-II powders were sterilized and
verified to be endotoxin free by a limulus amebocyte lysate
assay. Two mass dosage (0.004 g and 0.04 g) of each metal
powder to induce a minimal and a maximal cytotoxic effect,
respectively, were individually added to separate culture
flasks containing each donor cell line. In addition, culture
flasks from each donor cell line, to which no metal powder
was added, were used as confluent controls.

Five days after the exposure dosages of each metal powder
to the culture flasks, cell viability counts were made from
each culture flask using hemocytometer and trypan blue
exclusion (counting the number of viable cells which have not
taken up the dye color). The resulting viability counts were
first normalized by counts from their respective, non-chal-
lenged, control flasks and then were averaged over all four
donors to create a composite mean and standard deviation for
each metal powder sample.

The type of metal powder used exhibited a significant
effect on the cellular viability (p<0.0001). Fibroblast expo-
sure to the 0.004 g dosage of CoCrMo-I powder resulted in a
nominal 11% reduction in viability, where the same exposure
dosage of CoCrMo-II powder resulted in an 86% reduction in
viability. Differences in effects on fibroblast viability were
even more apparent at the higher 0.04 dosage, with the
CoCrMo-I powder resulting in a moderate 30% reduction in
viability and the CoCrMo-II powder resulting in a 97% reduc-
tion in viability. See, Kovacik et al., Colloids and Surface B:
Biointerfaces 2008, 65, 269-275.

Example 2

Effect of Vitamins C and K3 on Human Synovial
Fibroblasts Exposed to Metal Particles

A metal exposure dosage 0 0.01 g (CoCrMo-1 as described
in Example 1) was used for all cell exposure studies in this
example. APATONE® was prepared in a 100:1 ratio (75.0 uM
of vitamin C (sodium L-ascorbate) and 0.75 uM of chro-
mium-free vitamin K; (vitamin K; sodium bisulfite)).

Human synovial fibroblasts were harvested and processed
as described in Example 1. The donor cell line was passaged
once prior to the seeding of about 1x10° cells into each of ten
75 cm? culture flasks. The flasks were then incubated over a
5-day period to render about 5x10° cells. Five of the flasks
were incubated for 24 hrs and consisted of: a) control (cell
only), b) cell treated with APATONE® only, ¢) cells exposed
to metal only, d) cells treated with APATONE® for 24 hrs
prior to metal exposure, and e) cells exposed to metals 24 hrs
prior to APATONE® treatment. The remaining five flasks,
prepared in the same manner, were incubated for a 48 hr
interval.

Flasks at each ofthe respective time interval (24 hror 48 hr)
were assessed for cell viability (hemocytometer with trypan
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blue exclusion) and NFkB levels (EZ-Detect NF«B p65 Tran-
scription Assay, Thermo Fisher Scientific, Rockford, Il1.).
The results are summarized in Table 2.

TABLE 2
Cell Viability NFkB Level
24hrs  48hrs 24 hrs 48 hrs
APATONE 1.04 1.67 1.20 0.79
F75 CoCrMo 1.12 1.10 1.49 0.94
APATONE ® then F75 CoCrMo 1.06 1.17 0.49 0.58
F75 CoCrMo then APATONE ® 1.06 1.08 1.09 0.31

Since fibroblast viability was 104% of the control at 24 hrs
and 167% of the control at 48 hrs, APATONE® was not toxic
to the fibroblasts at this dose. Fibroblast viability remained
relatively constant following exposure to the metal with
112% and 110% viability compared to control fibroblasts
after 24 and 48 hrs, respectively. Fibroblast viability was
106% and 117% when the fibroblasts were exposed to APA-
TONE® 24 hrs before the metal. The increase in cell viability
at 48 hrs was probably due to APATONE® induced cell
division of'the fibroblasts. As was the case for metal treatment
alone, fibroblast viability remained constant 106% and 108%
when APATONE® treatment followed metal treatment.

When synovial fibroblasts were treated with APATONE®,
NFkB levels rose to 120% of control by 24 hrs and then
decreased to 79% of control by 48 hrs. Exposure of fibroblasts
to the metal led to an increase of NFxB levels to 149% of
control by 24 hrs. NFkB levels returned to 95% of control by
48 hrs. Pretreatement of fibroblasts with APATONE® before
exposure to metal resulted in NFxB levels to 49% of control
by 24 hrs. NFkB levels rose to 58% of control by 48 hrs.
Administration of APATONE® following metal exposure
produced a slight increase in NFkB levels to 109% of control
by 24 hrs. NFkB levels then decreased to 31% of control by 48
hrs.

Example 3

Effect of Vitamins C and K3 on Human Synovial
Fibroblasts Exposed to Metal Particles

A metal exposure dosage of 0.01 g (CoCrMo-I and
CoCrMo-II as described in Example 1) was used for all cell
exposure studies in this example. APATONE® was prepared
as described in Example 2.

Human synovial fibroblasts were harvested and processed
as described in Example 1. The synovial fibroblasts were
seeded into 6 culture flasks and incubated to render about
5%10° cells in each. For each metal, three flasks were incu-
bated for 24 hrs and consisted of: a) control (cell only), b)
cells exposed to metal only, and cells exposed to metal 24 hrs
prior to treatment with APATONE®.

Each culture flask was assessed for cellular viability,
NFkB, cytokine (IL-6) and chemokine (IL-8) levels (LU-
MINEX® 200 xMAP platform, MiraiBio Group, South San
Francisco, Calif.). The results are shown in FIGS. 1, 2, and 3.

Example 4

Cytotoxicity of APATONE® Against Human Dermal
Fibroblasts

APATONE® was evaluated by 3-[4,5-dimethylthiazol-2-
yl]-2,5-diphenyltetrazolium bromide assay (MTT). HS68
fibroblasts were used in this Example. Results are summa-
rized in Tables 3 to 5.
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TABLE 3

Vitamins Alone

Incubation  Sodium L-Ascorbate Mg L-Ascorbate VK;
(days) CDso (uM) CDsp (uM) CDso (uM)
1 1468 1663 18.7
2 1245 1746 19.0
3 1185 1501 18.7
TABLE 4

Sodium L-Ascorbate Mg L-Ascorbate
Incubation VC CDsqy VK; CDso VC CDsq VK;CDsq
(days) M) M) M) M)
1 458 4.7 382 3.8
2 471 4.7 383 3.8
3 471 4.7 342 34

“The ratio of vitamin C to Vitamin Kj is 100.

TABLE 5
Sodium L-Ascorbate Mg L-Ascorbate
Incubation VC CDs VK; CDsq VC CDsq VK; CDsq
(days) (M) (M) (1M) (M)
1 466 2.3 392 3.8
2 467 2.3 348 1.7
3 397 2.0 193 1.0

“The ratio of vitamin C to Vitamin Kj is 200.

Example 5

Capsule Formulation (1,000 Mg Vitamin C and 10
Mg Chromium-Free Vitamin K;)

For 100 capsules, sodium ascorbate powder (100 g) and
water soluble chromium-free vitamin K (menadione sodium
bisulfte) powder (1.0 g) are mixed together. The mixture is
then placed into capsules in the amount of 1,010 mg each,
without any supplementary ingredients or any pharmaceuti-
cally acceptable excipients.

Example 6

Capsule Formulation (500 Mg Vitamin C and 5 Mg
Chromium-Free Vitamin K)

For 100 capsules, sodium ascorbate powder (50 g) and
water soluble chromium-free vitamin K, (menadione sodium
bisulfte) powder (0.5 g) are mixed together. The mixture is
then placed into capsules in the amount of 505 mg each,
without any supplementary ingredients or any pharmaceuti-
cally acceptable excipients.

Example 7

Capsule Formulation (500 Mg Vitamin C and 3.1 Mg
Chromium-Free Vitamin K)

For 100 capsules, sodium ascorbate powder (50 g) and
water soluble chromium-free vitamin K (menadione sodium
bisulfte) powder (0.31 g) are mixed together. The mixture is
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then placed into capsules in the amount of 503.1 mg each,
without any supplementary ingredients or any pharmaceuti-
cally acceptable excipients.

Example 8

Capsule Formulation (200 Mg Vitamin C and 2 Mg
Chromium-Free Vitamin K,)

For 100 capsules, sodium ascorbate powder (20 g) and
water soluble chromium-free vitamin K; (menadione sodium
bisulfte) powder (0.3 g) are mixed together. The mixture is
then placed into capsules in the amount of 202 mg each,
without any supplementary ingredients or any pharmaceuti-
cally acceptable excipients.

Example 9

Tablet Formulation (500 Mg Vitamin C and 5 Mg
Chromium-Free Vitamin K)

For 100 tablets, sodium ascorbate powder (50 g) and water
soluble chromium-free vitamin K; (menadione sodium
bisulfte) powder (0.5 g) are mixed together with microcrys-
talline cellulose.

Example 10

Parenteral Dosage Formulation (5 G Vitamin C and
50 Mg Chromium-Free Vitamin K;)

A vitamin C solution is prepared by dissolving sodium
ascorbate (5 g) and NaCl (1.2 g) in sterile water (300 mL) for
injection. A chromium-free vitamin K; solution is prepared
by dissolving chromium-free menadione sodium bisulfite (50
mg) in sterile water (5 mL) for injection.

These solutions must be oxygen-free (e.g., perfused with
gaseous nitrogen); sterilized by filtration (millipore filters of
pore diameter approximately 0.22 nm); and introduced into
sterile and devoid of oxygen pockets for the vitamin C solu-
tion or glass vials for vitamin K; solution. Each series of
prepared pockets or vials must be examined for apyrogenicity
and sterility by methods known in the art. Since both vitamins
are oxygen, light, and temperature sensitive, the solutions
should be stored in anoxic conditions at approximately 4° C.
in darkness.

Alternately, the parenteral solution is prepared by mixing
sodium ascorbate (5 g) and chromium-free menadione
sodium bisulfite (50 mg) in 300 mL of sterile non-pyrogenic
normal saline in an IV bag immediately prior to use.

Example 11

Capsule Formulation (1,000 Mg Vitamin C and 10
Mg Chromium-Free Vitamin K)

For 100 capsules, sodium ascorbate powder (100 g) and
water soluble chromium-free vitamin K; (menadione sodium
bisulfte, with <2 ppm Cr) powder (1.0 g) are mixed together.
The mixture is then placed into capsules in the amount of
1,010 mg each, without any supplementary ingredients or any
pharmaceutically acceptable excipients.

Example 12

Capsule Formulation (500 Mg Vitamin C and 5 Mg
Chromium-Free Vitamin K)

For 100 capsules, sodium ascorbate powder (50 g) and
water soluble chromium-free vitamin K; (menadione sodium
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bisulfte, with <2 ppm Cr) powder (0.5 g) are mixed together.
The mixture is then placed into capsules in the amount of 505
mg each, without any supplementary ingredients or any phar-
maceutically acceptable excipients.

Example 13

Capsule Formulation (500 Mg Vitamin C and 3.1 Mg
Chromium-Free Vitamin K)

For 100 capsules, sodium ascorbate powder (50 g) and
water soluble chromium-free vitamin K (menadione sodium
bisulfte, with <2 ppm Cr) powder (0.31 g) are mixed together.
The mixture is then placed into capsules in the amount of
503.1 mg each, without any supplementary ingredients or any
pharmaceutically acceptable excipients.

Example 14

Capsule Formulation (200 Mg Vitamin C and 2 Mg
Chromium-Free Vitamin K)

For 100 capsules, sodium ascorbate powder (20 g) and
water soluble chromium-free vitamin K (menadione sodium
bisulfte, with <2 ppm Cr) powder (0.3 g) are mixed together.
The mixture is then placed into capsules in the amount of 202
mg each, without any supplementary ingredients or any phar-
maceutically acceptable excipients.

Example 15

Tablet Formulation (500 mg vitamin C and 5 mg
chromium-free vitamin K;)

For 100 tablets, sodium ascorbate powder (50 g) and water
soluble chromium-free vitamin K; (menadione sodium
bisulfte, with <2 ppm Cr) powder (0.5 g) are mixed together
with microcrystalline cellulose.

Example 16

Parenteral Dosage Formulation (5 G Vitamin C and
50 Mg Chromium-Free Vitamin K;)

A vitamin C solution is prepared by dissolving sodium
ascorbate (5 g) and NaCl (1.2 g) in sterile water (300 mL) for
injection. A vitamin K; solution is prepared by dissolving
chromium-free menadione sodium bisulfite (50 mg, <2 ppm
Cr) in sterile water (5 mL) for injection.

These solutions must be oxygen-free (e.g., perfused with
gaseous nitrogen); sterilized by filtration (millipore filters of
pore diameter approximately 0.22 nm); and introduced into
sterile and devoid of oxygen pockets for the vitamin C solu-
tion or glass vials for vitamin K, solution. Each series of
prepared pockets or vials must be examined for apyrogenicity
and sterility by methods known in the art. Since both vitamins
are oxygen, light, and temperature sensitive, the solutions
should be stored in anoxic conditions at approximately 4° C.
in darkness.

Alternately, the parenteral solution is prepared by mixing
sodium ascorbate (5 g) and chromium-free menadione
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sodium bisulfite (50 mg, <2 ppm Cr) in 300 mL of sterile
non-pyrogenic normal saline in an IV bag immediately prior
to use.

Example 17

Treatment of Ostelysis in Patients Using Vitamins C
and K,

Patient A:

Female patient A at age 56 had bilateral total knee arthro-
plasties (TKA) using a cobalt-chromium-molybdenum
(CoCrMo) knee system. Four months after TKA, Patient A
developed progressive swelling and pain in both her knees.
Six months after TKA, Patient A was unable to return to work
and began receiving disability.

During her postoperative care, Patient A was prescribed a
nonsteroidal anti-inflammatory to which the knees were
somewhat responsive. Over the course of treatment, multiple
knee aspirations were performed with no evidence of infec-
tion. Blood labs revealed all parameters fell within normal
ranges, except for an elevated C-Reactive Protein and Rheu-
matoid Factor.

Patient A was evaluated for inflammatory arthritis, but was
found not to have rheumatoid. Suspecting a possible pros-
thetic metal sensitivity, specimens were sent to a medical
facility in Chicago for metal sensitivity analyses about a year
after TKA. A proliferation assay and cytomatic analysis
revealed that Patient A had a moderate degree (5-fold) of
lymphocyte hyper-reactivity to nickel (Ni) and a 3-fold lym-
phocyte hyperreactivity to chromium (Cr). Recommendation
was to revise the CoCrMo component system to a zirconium
(Zr) component system.

About 18 months after TKA, Patient A received a revised
Zr TKA system in her left knee by a second orthopedic
surgeon. However, following the surgery both knees contin-
ued to become increasingly more painful to the touch with
marked swelling. About seven years after the first TKA,
Patient A estimated her functional active range of motion
(aROM) for both knees was around 10° (0, 10).

About eight years after the first TKA, APATONE® (vita-
min C 500 mg+chromium-free vitamin K; 3.1 mg) was
administered to Patient A (two tablets, twice daily). Approxi-
mately 10-days later, Patient A’s condition was unchanged.
Because Patient A had developed diarrhea and associated it
with APATONE®, she had temporarily stopped taking APA-
TONE®. Approximately six-weeks later and after having
continued taking APATONE®, Patient A’s condition was
much improved. By the time of her first refill, the swelling in
both knees was markedly reduced with significant pain relief.
During this time period, Patient A developed significant neck
discomfort in the area where she had previously had instru-
mented neck surgery about more year ago; this discomfort
was most likely masked by her knee pain. Concerned of a
reaction to the metal used for her neck surgery, Patient A’s
dosage of APATONE® was increased to 3 tablets, twice daily.
Following the dosage increase, Patient A’s neck pain was
completely resolved within a few weeks. Her swelling had
completely resolved. After the APATONE® treatment,
Patient A had a little more than 60° of flexion with full
extension in her left knee and a little more than 50° of flexions
with full extension in her right knee.

Patient B:

Male Patient B at age 63 had unilateral total knee arthro-
plasties (TKA) of the right knee using a cobalt-chromium-
molybdenum (CoCrMo)/(TiAlV) knee system. One year
later, Patient B elected to undergo a second elective unilateral
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total knee arthroplasty of the contralateral (left) knee using
the same knee system. Over the course of the last seven years,
Patient B had developed significant patellofemoral pain ofthe
left knee and moderate overall pain of the right knee.
Recently, Patient B had an episode in which he fell from a
curb and impacted his left knee. Under the care of a second
treating orthopaedic surgeon, it was recommended that a left
total knee revision procedure be scheduled for a possible
loose patellar component. Alternatively it was suggested by
the original surgeon to first attempt APATONE® therapy of a
suspected inflammatory response to the prostheses. Patient B
started on an oral dosage of Vitamin C and K; (two capsules
taken twice daily of Vitamin C 500 mg+chromium-free Vita-
min K; 5 mg).

During the office evaluation prior to taking the Vitamin C
and K; supplement, Patient B was bilaterally evaluated using
a standard SF36 questionnaire, visual analog scales, the Hos-
pital for Surgery Knee Score (HSS) and the Knee Society
Knee Score (KSS). Using visual analog scales (100 mm),
Patient B described his current bilateral knee pain as 50, his
current functional capacity as 32, and his current energy level
as 26. Patient B’s general health was described as “fair’ and
somewhat worse than one year prior. His current condition
limited most activities commonly attempted during a typical
day (vigorous activity, carrying groceries, stair climbing,
bending/kneeling, bathing, etc.). Over the last month, his
condition caused him to cut down on the “amount of time”
spent on work or activities, he stated that he “accomplished
less”, he was limited in the “kind” of work or activities, and
that he had “difficulty” performing work or activities. On
average his left knee pain while walking and at rest was
described as “moderate,” while the right knee pain was
described as “mild.” Patient B had an active range of motion
(ROM) of 107° (8° extension lag, 115 flexion) in the left knee
and 118 of ROM (0° extension lag, 118 flexion) in the right
knee. His overall HSS score for the left knee was poor (60.4),
while the right knee was good (83.8). Similarly, his overall
KSS pain score of the left knee was 44.4 and for KSS function
was 50, while the right knee scored 93.6 for pain and 100 for
function.

After taking the oral APATONE® for approximately
3-months, Patient B’s overall health had dramatically
improved. Patient B stated that his bilateral knee pain had
significantly improved and that overall his general health had
improved and he currently felt he had a greater energy level
(participated in the actual move from his home to a condo). A
more recent office evaluation showed joint improvement by
his treating orthopaedic surgeon, his treating surgeon again
delayed scheduling a revision surgery, and instead a second
script for an Vitamin C and K; was refilled.

After the APATONE® treatment, Patient B was bilaterally
evaluated using a standard SF36 questionnaire, visual analog
scales, the Hospital for Surgery Knee Score (HSS) and the
Knee Society Knee Score (KSS). The visual analog scales
(100 mm) showed improvements in his current bilateral knee
pain, described as 60, his current functional capacity as 60,
and his current energy level as 80. While still suffering dis-
comfort in the left knee, the patient’s general health was now
described as “good” and much better than 6-months prior. His
latest condition was less limiting in performing most activi-
ties commonly attempted during a typical day. Patient B
stated he was just digging in the garden for three hours the day
before this evaluation. Over the last month, his condition had
not caused him to cut down on the “amount of time” spent on
work or activities, he stated that he no longer “accomplished
less”, he was not limited in the “kind” of work or activities,
and that he did not have as much “difficulty” performing work
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or activities. On average his left knee pain while walking and
at rest was still described as “moderate”, the right knee pain
had improved to “none” or no pain, and “mild”, respectively.
He could extend the left knee fully and had an active range of
motion (ROM) of approximately 110° (0° extension lag, 110°
flexion), while his right knee continued to have approxi-
mately 120° of ROM (0° extension lag, 120 flexion). His
overall HSS score for the left knee had improved somewhat
from a score of 60.4 to 66.8 but was still considered poor,
while the right knee had improved to excellent (92). Simi-
larly, his overall KSS pain score of the left knee had improved
by 15.6 points (from 44.4 to 60) and for the KSS function had
improved by 30 points (from 50 to 80), while the right knee
had also improved with a score of 99 for pain and 100 for
function. While the left knee had improved, the continual
moderate pain suggests that the impact injury he sustained
earlier might have fractured the patella or loosened the patel-
lar component, a condition that can only be concluded by
operative evaluation.

The examples set forth above are provided to give those of
ordinary skill in the art with a complete disclosure and
description of how to make and use the claimed embodi-
ments, and are not intended to limit the scope of what is
disclosed herein. Modifications that are obvious to persons of
skill in the art are intended to be within the scope of the
following claims. All publications, patents, and patent appli-
cations cited in this specification are incorporated herein by
reference as if each such publication, patent or patent appli-
cation were specifically and individually indicated to be
incorporated herein by reference.

What is claimed is:

1. A method of treating or managing osteolysis in a subject,
comprising administering to the subject a therapeutically
effective amount of vitamin C, or a pharmaceutically accept-
able salt, solvate, or hydrate thereof, in combination with
chromium-free vitamin K, or a single enantiomer, a mixture
of enantiomers, or a mixture of diastereomers thereof, or a
pharmaceutically acceptable salt, solvate, or hydrate thereof,
wherein the chromium content of the chromium-free vitamin
K is no greater than 10 ppm.

2. The method of claim 1, wherein the osteolysis is aseptic
osteolysis.

3. The method of claim 1, wherein the osteolysis is caused
by inflammation or a prosthetic implant in the subject.

4. The method of claim 3, wherein the prosthetic implant is
one selected from prosthetic hip, knee, shoulder, elbow, wrist,
ankle, the small bones of the wrist, thumb, hand, foot, and
temparomandibular joints, and intervertebral disk joint of the
spine replacement.

5. The method of claim 3, wherein the prosthetic implant is
a joint replacement, or a knee or hip replacement.

6. The method of claim 3, wherein the osteolysis is caused
by particulate debris from the prosthetic implant in the sub-
ject.

7. The method of claim 6, wherein the prosthetic particu-
late debris comprises a metal.

8. The method of claim 7, wherein the metal is cobalt,
chromium, molybdenum, manganese, silicon, titanium, alu-
minum, vanadium, tantalum, nickel, iron, niobium, zirco-
nium, zirconia, alumina, or a mixture thereof.

9. The method of claim 1, wherein the subject is a mammal.

10. The method of claim 1, wherein vitamin C is adminis-
tered orally or the chromium-free vitamin K is administered
orally.

11. The method of claim 1, wherein vitamins C and K are
administered together in a single composition comprising
vitamin C, or a pharmaceutically acceptable salt, solvate, or
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hydrate thereof, and chromium-free vitamin K, or a single
enantiomer, a mixture of enantiomers, or a mixture of dias-
tereomers thereof, or a pharmaceutically acceptable salt, sol-
vate, or hydrate thereof.

12. The method of claim 1, wherein vitamins C and K are
formulated together in a single oral dosage form.

13. The method of claim 12, wherein the single oral dosage
form is provided as a tablet or capsule.

14. The method of claim 13, wherein the capsule contains
about 500 mg of vitamin C, or a pharmaceutically acceptable
salt, solvate, or hydrate thereof and about 5 mg of chromium-
free vitamin K, or a single enantiomer, a mixture of enanti-
omers, or a mixture of diastereomers thereof, or a pharma-
ceutically acceptable salt, solvate, or hydrate thereof.

15. The method of claim 13, wherein the capsule consists
essentially of vitamin C, or a pharmaceutically acceptable
salt, solvate, or hydrate thereof, in combination with chro-
mium-free vitamin K, or a single enantiomer, a mixture of
enantiomers, or a mixture of diastereomers thereof, or a phar-
maceutically acceptable salt, solvate, or hydrate thereof.

16. The method of claim 1, wherein the chromium-free
vitamin K is chromium-free vitamin K.

17. The method of claim 1, wherein the chromium-free
vitamin K is chromium-free 1,2,3,4-tetrahydro-2-methyl-1,
4-dioxo-2-naphthalenesulfonic acid or a pharmaceutically
acceptable salt thereof; or a pharmaceutically acceptable sol-
vate or hydrate thereof.

18. The method of claim 17, wherein the chromium-free
vitamin K is the chromium-free sodium or magnesium 1,2,3,
4-tetrahydro-2-methyl-1,4-dioxo-2-naphthalenesulfonate, or
a pharmaceutically acceptable solvate or hydrate thereof.

19. The method of claim 1, wherein vitamin C is L-ascorbic
acid or a pharmaceutically acceptable salt thereof, or a phar-
maceutically acceptable solvate or hydrate thereof.

20. The method of claim 19, wherein vitamin C is an alkali
or alkaline earth metal salt of L-ascorbic acid, or a pharma-
ceutically acceptable solvate or hydrate thereof, or sodium
L-ascorbate, or a pharmaceutically acceptable solvate or
hydrate thereof.

21. The method of claim 19, wherein vitamin C is magne-
sium L-ascorbate, or a pharmaceutically acceptable solvate or
hydrate thereof.

22. The method of claim 1, wherein the weight ratio of
vitamin C to the chromium-free vitamin K is ranging from
about 50 to about 500.

23. The method of claim 22, wherein the weight ratio of
vitamin C to the chromium-free vitamin K is about 100.

24. The method of claim 1, wherein vitamin C is adminis-
tered in the amount ranging from about 500 mg to about 3,000
mg per day, and the chromium-free vitamin K is administered
in the amount ranging from about 3 mg to about 30 mg per
day.

25. The method of claim 24, wherein vitamin C is admin-
istered in the amount of about 2,000 mg or about 3,000 mg per
day, and the chromium-free vitamin K is administered in the
amount of about 12 mg to about 19 mg per day.

26. The method of claim 13, wherein vitamins C and K are
administered as one or more capsules, each comprising about
500 mg of sodium L-ascorbate and about 3 mg of the chro-
mium-free sodium 1,2,3 4-tetrahydro-2-methyl-1,4-dioxo-2-
naphthalenesulfonate.

27. The method of claim 13, wherein vitamins C and K are
administered as one or more capsules, each comprising about
500 mg of sodium L-ascorbate and about 5 mg of the chro-
mium-free sodium 1,2,3 4-tetrahydro-2-methyl-1,4-dioxo-2-
naphthalenesulfonate.
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28. A method of increasing the functional life of a pros-
thetic implant in a subject, comprising administering to the
subject a therapeutically effective amount of vitamin C, or a
pharmaceutically acceptable salt, solvate, or hydrate thereof,
in combination with vitamin K, or a single enantiomer, a
mixture of enantiomers, or a mixture of diastereomers
thereof, or a pharmaceutically acceptable salt, solvate, or
hydrate thereof.

29. A method of treating or managing aseptic osteolysis in
a subject, comprising administering to the subject a therapeu-
tically effective amount of vitamin C, or a pharmaceutically
acceptable salt, solvate, or hydrate thereof, in combination
with chromium-free vitamin K, or a single enantiomer, a
mixture of enantiomers, or a mixture of diastereomers
thereof, or a pharmaceutically acceptable salt, solvate, or
hydrate thereof, wherein the chromium content of the chro-
mium-free vitamin K is no greater than 10 ppm.

30. A method of treating or managing osteolysis in a sub-
ject having a prosthetic implant, comprising administering to
the subject a therapeutically effective amount of vitamin C, or
a pharmaceutically acceptable salt, solvate, or hydrate
thereof, and vitamin K, or a single enantiomer, a mixture of
enantiomers, or a mixture of diastereomers thereof, or a phar-
maceutically acceptable salt, solvate, or hydrate thereof;
wherein the subject has a predisposition for metal sensitivity/
hypersensitivity reaction.

31. The method of claim 9, wherein the subject is a human.

32. The method of claim 6, wherein the prosthetic particu-
late debris comprises a polymer.

33. The method of claim 31, wherein the polymer is a
polyethylene.
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